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I. INTRODUCTION. 

Two of the most pronounced forms of behavior of many of 
the aquatic and semiaquatic Hexapoda are their responses to 
contact and to light stimuli. Study and observation of the 
aquatic species Gerris remigis Say, of the family Gerridse, one 
of the common forms of aquatic Heteroptera, have demonstrated 
that it, also, evinces responses of this character. 

Gerris remigis is a typical water-film species (Figs. 1, 11), 
being widely distributed in the United States on the surfaces of 
brooks, creeks and rivers, with currents of moderate velocity. 



Fig. 1. The large water- strider, Gerris remigis Say, apterous form; 
a typical surf ace- film, stream inhabitant. Natural size. 

(Drawing by Beutenmuller.) 

The rapidity with which it strides along the water-film, without 
breaking through the surface, its noticeably facile and agile 
movements, and the ease with which it obtains food, entangled 
in the surface-film, all tend to indicate the adequacy of its 
responses for living in a water-film habitat. Its elongated 
body and tapering, slender legs, spread widely apart, thus 
more equally distributing its weight over the water-surface, are 
plainly evident as this species of gerrid darts to and fro in its 
stream habitat. Such characteristics seem to suggest the 
suitableness of its bodily structure for a life on the surface 
of water. 
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IL RESPONSES TO CONTACT. 

1. General Responses. 

It is not uncommon for Gerris remigis, when striding along 
the surface-film to come in contact with some more or less solid 
body, such as a leaf, a piece of driftwood, a rock projecting 
above the surface of the water, the bank of the stream, or 
another gerrid (Figs. 2, 3, 6). Sometimes such contact does 
not appear to impede the movements of the insect. At other 
times the gerrid remains quiet for a few seconds only, while, 
on the other hand, there are instances when the animal keeps 
in contact with such surfaces for varying periods, extending 
from a few minutes to an hour or more. On some occasions 
only one leg may be in touch with the solid surface, the gerrid 
remaining there as if it were anchored, swaying gently with the 
breeze, or falling and rising with the movements of the surface 
of the water. Then again, one side of the body may be closely 
applied to some solid object, the animal staying quietly in one 
position, as if suddenly paralyzed. Such responses are very 
common in the daily life of this species and they appear to be 
due to its thigmotactic propensities (Figs. 2, 3). 

Members of other groups of aquatic Heteroptera exhibit 
habitat responses to contact of a somewhat similar character 
to those described for Gerris remigis. Holmes (1907, p. 163) 
found that Ranatra quadridentata Stab of the family Nepidas 
is responsive to contact stimulation. He directs attention to 
the fact that : 

As a rule Ranatra inhabits more or less shaded retreats among 
submerged grass or weeds near the water’s edge. It is kept in such 
situations, partly through the direct effect of its positive thigmotaxis, 
and partly because contact stimuli (as shown in a previous paper) 
cause it to become negatively photo tactic. 

According to Essenberg (1915, pp. 381-382, 383, 390), sev- 
eral species and genera — Notonecta insulata Kirby, Notonecta 
nndulaia, var. charon, Notonecta indica, and Notonecta sp. — of 
the family Notonectidas are thigmotactic. She states that: 

The two pairs of forelegs are sparsely covered with hairs and are 
provided with claws. The latter serve for the capture of food and for 
attachment to the surface-film, from which they hang with their heads 
downward, the posterior part of the ventral surface being exposed to 
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the air. When in this position the fore- and middle-legs are slightly 
bent so that the claws are at the surface. The insects often rest at 
the bottom, clinging to sticks or weeds. 

The contact phases of behavior of Gerris remigis that have 
been discussed are very suggestive of the responses of some other 
members of the Hexapoda, for example certain Agrionid nymphs, 
of the order Odonata, described several years ago in a paper by 
me (1912, pp. 274, 280), brief quotations from which follow: 

In their natural habitat, Agrionid nymphs react strongly to contact. 
They are found clinging tightly to the stems, branches and leaves of 



Fig. 2. Detail of portion of surface of brook-pool, with current passing through 
it— flowing to left— along margin of forested region, near White Heath, 
Illinois — autumn. Five water-striders, Gerris remigis vSay, shown on surface- 
film in contact with solid objects and clinging to them; indicates manner of 
group formation. Water-striders, about one- third natural size. (For other 
details, see Fig. 3.) (Photograph by Lloyde and Riley.) 

Elodea and Ceratopkyllum. This is an indication of their decided thigmo- 
tactic proclivities. They tend to place as much as possible of the external 
parts of their bodies in contact with a solid surface. This is accom- 
plished by clinging to the aquatic plants, in such a manner that the 
long axes of their bodies lie parallel to the long axes of the stems and 
.th^ft branches. The nymphs frequently assume a somewhat diflerent 
position, with the long axes of their bodies rather oblique to the long 
axes of the stems and branches. The creatures are frequently found 
with their bodies closely applied to the Elodea and Ceraiophyllum at 
the points where the branches are given off — that is, in the forks formed 
by the stem of the main plant and the lateral branches. They are also 
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found on both plants in the angles formed by the whorls of leaves 
arranged around the stem. 

When experiments are performed with a number of individuals in 
the glass trough, it is formd that their movements are often ver\^ much 
impeded. As they swim away from the source of illumination, they 
frequently come in contact with the sides of the vessel and with other 
iridividuals. This contact, in many instances, impedes the movement 
away from the light, and causes the nymphs to become practically 
motionless. This is the result of the contact stimulus. They usually 
assume a position with the long axes of their bodies parallel wth each 
other and in close contact, although this relation may be modified 
considerably. Another response, which the writer designates as the 
‘'clasping response,” quickly follows. The nymphs clasp each other 
closely around the thorax and abdomen. The preliminary contact of 
their bodies causes locomotion to cease, being an example of true 
thigmotaxis. Then as the full surface of the body of one is applied to 
the body of another the “clasping response” results. 

Before passing from these brief references to the writings of 
other observers on thigmotaxis in aquatic Heteroptera and 
Odonata, attention well may be directed to certain observations 
on the Crustacea, a less specialized class than the Hexapoda. 
Holmes (1903), in a very valuable and suggestive paper, has 
pointed out that this form of response is exhibited in a high 
degree by certain genera and species of the order Amphipoda, 
belonging to the family Orchestiidse, of the subclass Malacos- 
traca. Certain statements of his, with respect to two species, 
Orchestia agilis and Allorchestes liitoralis, will be given here. 
He (1903, pp. 194-195) remarks that: 

This instinct of 0. agilis to get into close contact with solid objects 
is an expression of the strong thigmotactic tendency found among 
amphipods in general. It is a tendency especially marked in the aquatic 
reprcsQnteLiivc of ihG Orchestiidad, Allorchestes littoralis, . . . The thig- 
motactic reactions of amphipods keep these animals among the sea- 
weeds and rocks where they secure protection and obtain food. The 
behavior of the terrestrial 0. agilis in relation to solid objects is little 
modified beyond that of the aquatic species. The thigniotaxis of this 
form is certainly protective in function, not only by enabling the animal 
to escape detection by lying quiet, but by leading it into situations such 
as under stones or into crevices which are inaccessible to its enemies. 
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2. Variation of Responses Under Similar 
Conditions. 

The fact has been pointed out that although Gerris remigis 
responds to contact usually by a decrease or a cessation of its 
locomotory movements, yet the manner in which it responds, 
apparently, varies at different times. Similar facts have been 
observed when two or more gerrids, moving about on the 
surface-film, come in contact with each other, for under such 
conditions their responses also vary at different times. As 
they touch each other, the stimuli of contact may result in 
increased movement, the insects darting away from each other, 
in different directions, with great speed. This rapid loco- 
motion may continue for several minutes before it subsides. 
At such times the behavior of the water-striders appears as if 
due to some strong or unpleasant stimuli. After the subsidence 
of the immediate effects of the stimuli, they continue their 
usual movements. In connection with the statement that the 
gerrids, after coming in contact with each other, may continue 
to stride about rapidly for sometime after contact has occurred, 
a quotation from Jennings (1906, p. 285) may be of interest. 
He states that: 

Often, of course, stimulation does rouse an organism to increased 
activity. But even in this case the activity is due to the release of 
internal energy. It may, therefore, continue long after the stimtilation 
which inaugurated the release has ceased to act. Such continuance 
thus does not necessarily imply continued action of the stimulus. In 
many cases the specific stimulus to action is only the change of 
conditions. 

The responses are not always as have been described, for on 
touching each other, the gerrids may not stride rapidly away, 
but, on the other hand, they may do so in a manner which is 
very slow and appears to be deliberate. Sometime.s, when such 
contact occurs, while striding about on the water-surface, they 
pause for a few seconds and then move forward or backward 
again, usually the former movement taking place. 

It is rather difficult to understand, at least from direct 
observation and without definite experimental evidence, why 
these water-striders should respond in different ways at different 
times, for careful and repeated observations in the field seem 
to indicate that they respond differently, even when the stimuli 
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and the various physical conditions of the immediate environ- 
ment remain unchanged. The natural assumption that occurs 
to the observer is that these different responses, to similar 
stimuli at different times, is due, probably, to the physiological 
conditions of the bodies of these insects varying at different 
times and, therefore, because of these differences in the physio- 
logical conditions, the gerrids do not respond in the same manner 
at all times to similar stimuli. Therefore, it may be assumed that 
the behavior of these animals is affected by the changes which 
occur within their bodies, and yet these changes can not take 
place unless there are either internal or external stimuli that 
bring about such changes. In this connection it is perhaps 
worth while to recall a brief statement by Mast (1911, p. 287): 

It is evident that such changes must be regulated by internal 
factors, that they must be due to alterations within the organism itself. 
As a matter of fact, all reactions are directly controlled by internal 
factors which are in turn influenced by external factors. 

The general subject of ‘‘physiological states” in low^er 
organisms has been elaborated by Jennings (1904, pp. 109T27), 
(1906, pp. 283-292). 

3. Assembling of Groups. 

Not infrequently, after coming in contact with objects 
protruding above the surface-film (Figs. 5, 6) the legs of the 
gerrids, and sometimes their bodies, become closely applied; 
there may be several individuals taking part in such responses 
(Figs. 2, 3). In this manner a number of water-striders may 
stop their locomotor movements and attach themselves to 
the group, until, eventually, a large aggregation is formed. 
As many as seventy-five to a hundred individuals have been 
enumerated in groups of this character. Usually such responses 
occur, not on those parts of the stream where the current is the 
swiftest, but rather on the surfaces of small pools, with gentle 
currents passing through them (Figs. 2, 3, 4, 5, 6). The 
gerrids may remain in such formations from a few minutes to 
an hour and a half, or for much longer periods. The general 
physical conditions of the environment, the season of the year, 
and the physiological conditions of the animals themselves, 
all these, seem to have a bearing on this matter. As viewed 
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by the observer from a distance, such groups of insects appear 
as dark patches on the surface of the stream, rising and falling 
with the movements of the water. It was interesting to me I'j 
find in a paper by de la Torre-Bueno (1911), who is a very 
accurate observer, certain records of behavior of a similar 
character with respect to a member of the same family, Gerrida\ 
to which Gerris remigis belongs. He refers to Metrobates 
hesperius Uhler, of the tribe Halobatini, placed in the sub- 
family Gerrina3. The following quotation is taken from his 
paper (1911, pp. 249-250): 

This is a species which, like most of the other members of* the tribe, 
is lacustrine to a very great extent, and it may be seen congregated in 
large patches of blaclmess on the smooth waters of our lakes, or perhaps 
in the wide reaches of slow moving streams. It is a very active species. 
... It commonly occurs in the apterous, but the winged form seems 
not rare under favorable conditions. 



Fig. 5. Detail of large pool at headwaters of small brook, with current flowing 
through it — looking do^vn stream — near Syracuse, New Yoik — spring. 
Hundreds of water-striders, Gerris remigis Say, form large groups on surface 
of pool (a), grouping themselves near overhanging banks, especially when 
wind is off shore ; also found crawling onto and into the interstices of 
fallen, dead tree, separating pool into two parts, and forming groups near it. 
Both alate and apterous water-striders hibernate in interstices of overhang- 
ing shore (c) and among vegetation and dead leaves (b), in close proximity 
to pool. (Reproduced from the American Naturalist.) 
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In tne early and late fall, there appears to be a much greater 
tendency for these groups of water-striders, Gerris remigis, to be 
formed than is the case during any other season of the year. 
Long and continued observations, extending over a number of 
vears, seem to indicate that the gerrids are much more respon- 
sive to thigmotactic stimuli just previous to and while migrating 
onto the land to “seek” hibernation quarters, than they are 
under most other conditions.* Early in the fall, even on the 
open surface of the brook-pools, they appear to congregate 
more thickly and more compactly, although engaged in their 
usual normal responses. As the fall advances, these somewhat 
loose formations — more dense in appearance, however, than 
those of the early summer — are found nearer to the banks 
of the streams (Figs. 5, 6). In the late fall, large numbers of 
gerrids, frequently, are observed close to the land, to rocks 
rising above the water surface, to tree-roots extending into the 
water, to dams of driftwood, in fact in close proximity to such 
objects and places as afford them opportunity for contact, and 
onto which they can crawl from the surface-film. Sometimes, 
for days together, they are found in such situations, forming 
large aggregations, with their legs and not infrequently their 
bodies touching and the former even overlapping (Figs. 2, 
3, 5, 6). 

Curiously enough, strong air-currents and surface-breezes 
blowing along the surface-film — which in the next section of 
this paper are designated as agents that are active in the 
disintegration of groups — assist in the formation of clusters of 
gerrids. Such currents frequently move the water-striders 
nearer to each other, thus making the loose groups more com- 
pact. In addition to the mere drifting together of the insects, 
the winds act as stimuli that produce active responses on the 
part of the gerrids, for under such circumstances, they usually 
quickly stride close up against each other or against some solid 
object in the vicinity (Figs. 2, 3, 5, 6). Such stimuli not only 
invoke the usual contact responses, but they also induce clinging 
responses on the part of the insects as soon as they come in 
touch with their neighbors (Figs. 2, 3).^ Such behavior .is 
especially noticeable when the water-striders are gathered 
along the leeward side of a brook or creek (Fig. 5). On the 

♦ Data are being accumulated and experinients are being conducted with the. 
expectation of obtaining precise evidence on this subject. 
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surface oi a large pool (Fig. 5), near the headwaters of a small 
brook, in the vicinity of Syracuse, New York, and on the 
water-film of pools of intermittent brooks, of permanent 
brooks (Fig. 6), and of creeks, in the region roundabout Urbana, 
Illinois, such gatherings frequently have been observed. Often 
they were so large and the gerrids were so numerous that two 
to five hundred insects could be taken in less than half an hour. 
It should be pointed out that the best and most satisfactory 
evidence, for the general facts stated above, concerning the 
formation of groups, has been obtained in the fall. The * ‘ habit ” 
of this species of forming groups was pointed out by me (1912, 
p. 281), several years ago in the following statement; 

This tendency to cluster together frequently has been obser\'ed by 
the writer in the case of Gerris remigis Say. 

Other aquatic Heteroptera evince responses much like those 
that have been described, as Severin and Severin (1911a, 
pp. 100401) have demonstrated on the part of several different 
species and genera. In connection with certain observations 
on the thigmo taxis of Belostoma flumineuni Say, they state 
that: 

Again, it was not unusual to find two or more Belostomas or some- 
what larger clusters clinging together at the surface or bottom of the 
water, a characteristic which is also noticed with Lelkocerus {Bdostoma 
aucct.) americanum, Benacus griseus, Nepa apiculaia, Ranatra a?}7ericana, 
and Ranatra kirkaldyi. This habit is probably a manifestation of their 
thigmotactic responses. 

Holmes (1905, pp. 324-325) in his phototactic experiments on 
Ranatra fusca, Pal. B., of the family Nepidoe, states that: 

Efforts to go toward the light are frequently inhibited by contact 
Stimuli. When several individuals are put into a dish of water near 
a window they commonly cease, after a time, to swim towards the light 
and form a cluster in which they lie at all possible angles to the direction 
of the rays. 

While the experiments referred to here are related to the 
consideration of the subject of the inhibition of one form of 
response by stimuli that result in responses of another character, 
yet they indicate that Ranatra fusca also forms aggregations 
through the action of contact stimuli. Holmes (1905, pp. 320, 
323) states that Ranatras group themselves into compact 
groups, in cool water, at the ends of dishes farthest from the. 
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light. In some of my own experiments (1912, pp. 279, 280 j, 
it has been observed that Agrionid nymphs, Hexapoda belonging 
to a totally different order, the Odonata, exhibit responses 
during the process of forming groups that are decidedly similar 
to those that have been described for Gerris remigis, and for 
that reason and also for a basis of comparison, they are men- 
tioned here. 


4. Disassociation of Groups. 

It has been pointed out that water-striders gather in groups 
on the surfaces of streams, the legs and bodies of different 
individuals being in contact with each other (Figs. 2, 3). It 
also has been stated that these aggregations, probably, are due 
to the thigmotactic propensities of the animals. This thig- 
motaxis may be overcome, or at least it may be modified, by 
other stimuli, with the result that the groups of gerrids are 
broken up. Frequently, this occurs because of mechanical 
stimuli acting on them. Usually, this is brought about by the 
activity of certain individuals in the clusters disturbing others 
around them; or it may be accomplished by wind-currents, of 
considerable strength, blowing against the groups and thus 
causing some of the water-striders to disentangle themselves; 
while in other instances, members of the aggregations become 
active from the stimuli received from the agitation of the surface 
of the stream by water-currents. Driftwood, or a bunch of dead 
leaves, drifting with the current, occasionally strikes against one 
of these groups of gerrids and acts as the initial stimulus which 
results in its disintegration. Other Heteroptera exhibit similar 
responses, for Holmes (1905, pp. 318-325) has pointed out, in 
his experimental investigations on the water-scorpion, Ranatra 
fusca, that members of this species, responding to stimuli of 
one character, not only may have these responses modified, but 
also may have them inhibited through the influence of stimuli 
of a different character. It is interesting to notice that 
behavior of this general character is not limited to the Hexopoda, 
but that it is evinced by members of a less specialized class, 
the Crustacea, as Holmes (1901, p. 212) has demonstrated in 
his experiments on the freshwater shrimp, Gammarus locusta, 
belonging to the order Amphipoda and to the subclass Malaco- 
straca. 
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Some of the gerrids in these gatherings are more active than 
others and thus, probably, less responsive to contact stimuli. 
These from time to time move their legs and bodies, in this way 
disturbing other water-striders next to them. Such dis- 
turbances act as mechanical stimuli on still other individuals 
in the groups. In this manner, whole clusters may be affected 
and may become disorganized, so that there is a tendency for 
them to disintegrate. The insects that have become the most 
active are most likely to leave the aggregations first. Then 
others in their immediate vicinity follow, so that eventually 
all the members of any individual aggregation free themselves 
from it and are found striding back and forth on the surface-film 
as separate units. Often the gerrids on the outside of the 
groups are the first to break away, but this is not always the 
case, for individuals crowded into the centers of the masses of 
water-striders have been observed to pull loose from the others 
in contact with them and then to stride over, or to push between, 
those forrning the peripheral parts of the groups, until they 
reached the free surface-film. Generally, it appears to be 
more difficult for the gerrids in the centers of the clusters to 
free themselves, than is the case for those nearer the outer 
margins to do so. 

With respect to the manner in which the disintegration of 
the aggregation of gerrids occurs, it is interesting to notice 
that members of a related family, Nepidae, have been observed 
to evince behavior of a somewhat similar character. Holmes 
(1905, p. 308), writing of the responses of Ranatra fusca, found 
that individuals of this species formed groups in aquaria, and 
he states that: 

In this way they may lie for hours in an almost motionless state. 

He (1905, p, 323) also has observed that an aggregation of 
this character is more likely to disintegrate as the animals 
exhibit more activity. Again, this writer (1905, p. 308) remarks 
that in these clusters, which are formed by Ranatra fusca, the 
insects 

are often so closely aggregated and so tangled together that those 
which are near the center of the group experience much difficulty in 
disengaging themselves. 

Other Hexapoda display responses not dissimilar to those of 
Ranatra fusca and Gerris remigis in the disintegration of clusters. 
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111 some of my own work (1912, pp. 288-285) on the behavior of 
Agrionid nymphs, of the order Odonata, it was observed that the 
responses exhibited, during the process of the disassociation 
of groups, were decidedly of a like nature to those of Gerris 
rcmigis. It was found that compact aggregations were formed, 
but that the Agrionid nymphs did not remain quiet for as 
long periods as either Ranatra fusca or Gerris remigis and that 
tlie breaking up of such groups was apt to occur at shorter 
intervals. The disassociation of these clusters resulted from 
mechanical stimuli and also from the activities of certain 
nymphs within the aggregations, although photic stimuli 
played a part in this process. The Agrionid nymphs in the 
peripheral portions of the groups were more likely to leave 
first, as those in the more central parts of the clusters were 
influenced more strongly by the contact stimuli of the individ- 
uals surrounding them, and, therefore, frequently remained 
more or less stationary. 

5. Contact Responses and Hibernation. 

During the period of hibernation, resporises to contact 
stimuli are strongly in evidence. Gerris remigis begins to 
leave the surface-films of streams in the early autumn, con- 
tinuing this migration until the late fall, and goes onto the 
land to “seek” winter quarters. The gerrids of this species 
hibernate in various situations. They have been taken from 
under piles of dead leaves, from interstices and deep holes in 
the banks of streams, from under tree-roots on the land, from 
under the bark in interstices of fallen dead trees, from holes 
in the ground under logs and driftwood, and from under piles 
of brush (Figs. 5, 6, 7, 8, 9, 10). They have been found, also, 
in such places as are mentioned by Kirkaldy (1899a, p. 151), 
who refers to the Gerrids in general in the following quotation : 

As has been previously remarked, many of the Gerrids conceal 
themselves — in fact “hybemate"’ — under moss, stones, etc., often far 
from water, during the winter. 

However, it should be stated that, after looking through my 
field notes for the past few years, no records were found of 
Gerris remigis hibernating far from water (Figs. 5, 6, 7, 8, 9). 
Further investigation may prove that alate forms (Fig. 11) 
of this species sometimes hibernate in other situations than 
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those close to their own habitats. Referring to the hibernation 
of Gerris orha Stal, a congener of Gerris remigis, Essenberg 
(1915a. p. 397) states that: 

The watcr-striders pass the Avinter as adults, hibernating under 
logs, rocks, rubbish, and in other sheltered places. 

It is evident that these two species pass the winter in some- 
what similar situations. While Hungerford (1919, p. 117) 
has little to say regarding the hibernation of Gerris remigis, the 
records that he does give are correct. He remarks that: 

Our large G. remigis winters as an adult hidden under some brusli, 
logs or other shelter about the water. 

His records are from Kansas and it is interesting to notice 
that he points out the fact that this species hibernates in the 
vicinity of its own habitat. It should be stated that Gerris 
remigis is mainly an apterous species (Fig. 1) and it is to be 
expected that few even of the alate forms (Fig. 11) will be 
found hibernating at any great distance from their aquatic 
habitats (Figs. 4, 5, 6, 7, 8, 9). In a paper by me (1919a, 
p. 484), on certain habitat responses of Gerris remigis, there is 
a brief statement of some extended observations on the hiberna- 
tion of this species on and near the margin of a large pool, 
at the headwaters of a small, rapid stream, in the vicinity of 
Syracuse, New York, which is quoted here: 

They [Gerris remigis] undoubtedly hibernate, in large numbers, 
along the shores of this pool. In fact, I have found a few of them hiber- 
nating in interstices where the shore slightly overhangs the water, and 
also among dead leaves and other vegetation at points from a few 
inches to three yards away from the pool. 

On several occasions, a few alate individuals (Fig. 11) have 
been found hibernating within three yards of the water (Fig. 5). 

In all of these situations, where water- striders were found, 
the insects kept in close contact with their immediate sur- 
roundings and with each other. In some of these places, 
they have been taken in large numbers (Figs. 6, 7, 8, 9). They 
have been found in groups, frequently as many as fifty individ- 
.uals in a cluster. Sometimes the aggregations were so large 
that one hundred and fifty to two hundred and fifty gerrids 
have been counted. Often in these winter quarters (Figs. 
5, 6, 7, 8, 9, 10) they lie in close contact with each other, their 
bodies being closely applied. Such responses were, very 
probably, due to their thigmotactic propensities. 
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At this point it may be mentioned that a number of other 
entomologists have referred to the hibernation quarters of 
water-striders. Among these are Uhler (1884), McCook (1907), 
and Kellogg (1908). From the context, it is to be inferred 
that all three of these writers refer to Gerris {-Hygrotrechis) 
remigis. Uhler (1884, p. 268) makes the statement that: 

These insects stow themselves away under the banks of streams, in 
the mud beneath leaves or rubbish, or at the bottom of water under 
stones and roots of trees when the autumn begins to be cold, and from 
thence they reappear upon the surface of the water as soon as the 
warm weather of spring returns. 

McCook (1907, p. 265), when writing about the hibernation 
of water-striders, remarks that: 

When winter sets in the survivors of the season burrow into the 
mud, or under bunches of dead leaves and withered grass-stalks or 
stones or other rubbish, and there lie dormant or semidormant until 
spring again calls them to active life. 

Kellogg (1908, p. 198), in referring to the situations in which 
water-striders hibernate, makes the following statement: 

In late autumn the water-striders conceal themselves in the mud 
beneath leaves or rubbish or at the bottom of the pool under roots or 
stones to hibernate, coming out again with the first warm days of spring. 

I wish to state that it was a long time before I found Gerris 
remigis in a hibernating condition. Search was made in almost 
every conceivable situation before the hibernation quarters 
of this species were located. Many careful searches were con- 
ducted during a large part of one winter before any hibernating 
individuals were discovered, and a part of a second winter 
passed before they were found in numbers. For a period of 
years, both in the autumns and in the winters, careful observa- 
tions were made of the behavior of these water-striders, not 
only as they migrated into places of hibernation, but also after 
they were settled in their winter quarters (Figs. 5, 6, 7, 8, 9, 10) ; 
and I never have found them hibernating in mud, in water, 
at the bottom of water, at the bottom of a pool, pond, brook, 
creek, or river. 

During the hibernating period, the gerrids evince little 
movement. Within a radius of two miles of White Heath, 
Illinois, in the months of December and January, large numbers 
have been taken from holes in the banks of brooks — but not 
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in mud—from holes on the land, filled in with dead leaves and 
drift debris left after floods, under the roots of trees, and from 
under compact masses of dead leaves (Figs. 5, 6, 7, S, 9). 
There would be so many of them from one location that they 
scarcely could be held in two cupped hands. At such times it 
was noticed that they were very quiet, there being hardly any 
movement at all on the part of the gerrids. If they were 
taken from their winter quarters during a thaw, there was more 
movement than was the case during freezing weather. Occa- 
sionally, when their hibernating qiiarters were uncovered, the 
insects were almost overlooked, because they remained so 
quiet arid in such close contact with the substratum and with 
each other. There was, in addition, another fact which 
increased the difficulty of finding them and that was the 
frequent similarity in color of the background to the color of 
the water-striders. It has been observed by me (1012, p. 275) 
that certain other semiaquatic Hexapoda, Agrionid nymphs of 
the order Odonata, exhibit somewhat similar responses. 

In general it may be stated that when hibernating water- 
striders were found, their bodies were closely applied to each 
other. Those on the periphery of the group were in close 
contact with their immediate physical surroundings on the 
one side and with the gerrids forming the inner portion of the 
cluster on the other side. Frequently, their legs were so 
inextricably entangled that on lifting up a few members of the 
aggregation, many others would be found clinging to them. 
Essenberg (1915a, p. 400) has recorded responses of a similar 
character with respect to a closely related species of water- 
strider, Genis orha. In connection with certain of the 
statements made above, a quotation from one of my own 
papers (1919, pp. 402-403), on some habitat responses of 
Gerris remigis, may be of interest: 

During hibernation, there is no question about water-striders 
remaining quietly in one place for a long period of time. But it must 
be recalled that the temperature is low at such times, and that they 
frequently seek dry situations. . . . The positive thigmotactic responses 
of these gerrids have been observed frequently during periods of hiber- 
nation. At such times they formed tangled masses, which were due to 
the water-striders crowding closely together. These facts were recorded 
in my field notes as early as the winter of 1912-1913. 
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The different phases of behavior that have been discussed, 
such as crawling into the various hibernating quarters which 
have been enumerated, the crowding together into clusters, 
and the motionless state in which the gerrids lie, are due in 
part, if not largely, to contact responses, although there have 
been accumulated certain facts that seem to indicate that 
the crawling into winter quarters may be partially the result 
of a tendency toward negative phototaxis at the hibernation 
period. However, more evidence is needed on this point. 

These gerrids seem to be responsive to contact stimuli not 
only during the hibernation period, but also at its inception. 
Apparently, both the dorsal and ventral surfaces are sensitive 
to contact as well as the legs and lateral sides of the body. 
Frequently, they have been found in piles of dead leaves 
(Figs. 5, 6, 7, 8, 9) with their bodies in such positions as to 
suggest evidence for the above statement. Their bodies were 
in contact with a leaf above and with a leaf below, the legs 
being stretched out as nearly as possible in the same plane as 
that of the body. The legs and bodies of the insects appeared 
to be rigid and they were so to the touch of the fingers. It was 
possible to lift the body of a gerrid by means of the posterior 
pair of legs, without bending them, the animal remaining 
perfectly stiff and motionless while this was done. All of this 
was very suggestive of the death-feigning response — briefly 
discussed later in this paper — ^which is induced, certainly in 
part, by contact stimuli. The gerrids evidently had crawled 
into the masses of leaves through the interstices formed between 
the different individual leaves (Figs. 6, 7, 8, 9). Such move- 
ments brought not only the upper surface of the body in contact 
with the leaf or leaves above this surface, but it also brought 
the lower surface of the body against the leaf or leaves below 
this latter surface. In many instances it was clear that the 
spaces between the leaves were so small that the v/ater-striders 
could not have walked erect into the interstices (Figs. 6, 7, 8, 9), 
but must have raised their legs almost to the same plane as that 
of the body and almost parallel with its longitudinal axis. In 
fact, not infrequently, individuals have been found with their 
appendages exactly in the position described. 

However, there is considerable positive evidence with respect 
to the points just discussed. On several occasions the gerrids 
have been observed, after they had left the surface-film, walking 
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along in a direction more or less parallel with piles of leaves 
situated about a yard from the bank of the stream from which 
the water-striders came. They have been seen to enter such 
masses of leaves by way of the spaces left between the individual 
leaves of these bunches (Figs. 6, 7, 8, 9). Sometimes they 
attempted to enter the masses of leaves by means of inter- 
stices between the individual leaves so small that it was impossi- 
ble for them to walk in an upright position while doing so, 
or even after they had entered the interstices (Figs. 6, 7, 8, 9). 
It should be stated that, in course of time, these large bunches 
of leaves become very firm and compact (Figs. (3, 7, 8, 9). 
It was found that the insects overcame the difficulty of entrance, 
in some instances at least, by pressing the proximal portions 
of the legs so closely against their bodies that these appendages 
extended laterally from them and appeared to be almost in 
the same plane. In other instances the legs were raised until 
they were almost in the same plane as the bodies of the gerrids 
and slightly oblique from parallel to their long axes. These 
water-striders have been found under the bark of fallen, dead 
trees (Figs. 7, 8, 9) and in their interstices (Fig. 5) in spaces so 
restricted, that if the animals actually had not been observed 
to crawl therein, it would seem rather difficult to account for 
their presence in such situations. Often they have been taken 
from under heavy logs (Fig. 7, 8, 9) and driftwood, in such 
places where it seemed no insect could remain without being 
crushed. The act of crawling into locations of the various 
characters that have been indicated, as well as the act of 
staying there quietly, seems to be partially explained at least 
by their thigmotactic responses. There is some evidence that 
these gerrids may be negatively phototactic at this season; if 
this proves to be true, it would have to be taken into con- 
sideration in the final summing up. 

6. Contact Responses and Drought. 

Some extended observations made, during the years 1911- 
1913 inclusive, on Gerris rentigis, with reference to certain 
habitat responses, present additional information on the 
behavior of this species to contact stimuli. These observations 
were concerned mainly with the responses of the gerrids after 
their stream habitat had become dry (Figs. 8, 12), during' 
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ijeriods of severe and extended droughts. It was evident, 
if they reached another stream or pool, that the result was 
riccomplished by means of trial and error. During the course 
of their wanderings, they frequently came in contact with 
various objects in their path, such as lumps of dry mud, drift- 
wood, clumps of dead leaves, and stones (Kigs. 8, 12). Often, 
the forward movement of the gerrids ceased at such contact. 
Stimuli of this character inhibited locomotion and the water- 
striders became stationary, their bodies being applied closely 
to such objects as have been enumerated. Apparently, as a 
result of such contact stimuli, sometimes they crawled under- 
neath these obstructions (Figs. 8, 12). In both cases, w^hether 
their bodies were in close contact with the objects, or whether 
they crawled beneath them, they remained stationary . for 
various periods of time. Frequently, these extended from a 
few minutes to an hour or more, Sometimes, after such 
inhibition of locomotor activities, there was a change in the 
direction of their movement, when their journey w^as renewed. 
Occasionally, they fell or jumped into large cracks which had 
been formed in the mud of the dry bed of the stream and they 
remained there during intervals of time extending from a 
few minutes to several hours, on one occasion at least for three 
hours. During such wanderings as occur after their habitats 
become dry (Figs, 8, 12), responses to contact appear to be a 
common feature of their behavior. Contact stimuli, frequently, 
result in inhibiting locomotor activities and cause the insects 
to become quiet, so that they remain motionless in one position 
for various periods of time. 

7. Contact Responsrs and Laboratory Observations. 

While conducting certain experiments in the laboratory on 
Gerris remigis, some phases of the behavior of these water- 
striders indicated that they responded to contact stimuli. 
After collecting the gerrids in the field, they were placed in 
large, glass aquaria — dimensions 36 x 18 x 20 inches — in the 
laboratory. These aquaria contained a few inches of water 
and several large stones, the upper surfaces of which pro- 
truded an inch or so above the surface of the water. At first 
the insects moved about freely on the surface of the water, but, 
frequently, after a few minutes of time, some of them left th( 
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water-surface and climbed up onto the surfaces of the stones. 
Very soon the leaders were followed by others, until, eventually, 
the majority of the gerrids had left the water. The entire 
upper surfaces of the stones were covered by the water-striders. 
sometimes several layers in thickness, so that they presented 
the appearance of* dark brown masses extending above the 
surface of the water. The insects remained motionless, with 
their legs and bodies entangled in clusters. If undisturbed, 
they often stayed in these compact groupings for hours and 
even for days. The solid surfaces of the stones and the contact 
of the bodies of the hemipterons appeared to act as stimuli, 
inhibiting movements and resulting in the gerrids lying motion- 
less for long periods of time. 

Many of the insects left the surface of the water and crawled 
up the perpendicular glass faces of the aquaria, a response 
probably due to gravity. However, they did not remain in such 
situations, for within one or two hours they were all assembled, 
with the exception of a few individuals that were still leaving the 
surface of the water, in the angles formed by the meeting of 
two of the glass sides of the aquaria. Frequently, in these 
angles, there were formed tangled masses of gerrids, extending 
from a point one or two inches above the water-surface to the 
very tops of the aquaria. Several of the aquaria had metal 
flanges, extending inwards, placed at right angles to the upper 
edges of the upright glass sides. The juxtaposition of these 
flanges and the perpendicular sides of the aquaria formed 
right angles, and, often, many of the insects were found in 
these angles. Pearl (1903, pp. 560-562), experimenting with 
planarians, applied the name goniotaxis to responses of a similar 
character. The gerrids climbed to the very tops of the 
aquaria and formed tangled groups all round their upper 
edges and especially in tlie corners formed at the meeting 
points of the flanges and of two upright glass surfaces. Responses 
of this character were first observed when conducting experi- 
ments with some half dozen gerrids in each aquarium. It was 
noticed that the water-striders had disappeared. After search- 
ing for them carefully, it was found that they had crawled to 
the tops of the aquaria and had taken up positions such as 
already have been described. In a number of the aquaria, 
stones were placed close together, but wfith small spaces between 
them. It was observed that the gerrids crowded into these 
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openings and came to rest there, often staying in a quiescent 
condition for. several hours and on a few occasions for several 
javs. In these various observations, it appeared as if the 
angles of the aquaria and the close proximity of the stones 
exerted contact stimuli to which the water- striders responded 
bv coming to rest in such positions. In situations - of this 
character large areas of their bodies were in close application 
to the substrata. 

Certain members of the class Crustacea, belonging to the 
order Amphipoda, for example some of the species of the 
family Orchestiidse, evince thigmotactic responses which are 
very similar to those of Gerris remigis. . Because of this simi- 
larity, attention is directed to the careful observations made 
by Holmes (1903, pp. 194, 195) on three species of the Amphi- 
poda, Orchestia agilis, Allorchestes littoralis and Orchestia 
palustris. Brief quotations from the paper by Holmes are 
given here: 

0. agilis generally continues hopping until it alights in a place 
where it can readily get under some object or wedge itself between 
bodies, so that it secures contact on a considerable surface of its body. 

Writing of Allorchestes littoralis, he mentions how it glides away 
when it is disturbed and continues his remarks as follows: 

The efforts are continued until they bring the creature into some 
niche or crevice where the contact sought for is obtained; then it 
curls up and lies quiet. 

With reference to Orchestia palustris, Holmes states that: 

The tendency to get under or between objects is as strongly devel- 
oi)ed in this species as in agilis, and contact has apparently a stronger 
quieting effect upon it. When lying quiet 0. palustris mav be poked 
about more or less without being aroused from its thigmotactic lethargy. 

While it is true that the observations on Gerris remigis were 
made on individuals confined in aquaria and the records of 
Holmes were obtained in the habitats of the Amphipods, yet 
the responses in the two cases were so much unlike and 
similar behavior on the part of the gerrids has been observed 
in their own environment — that a brief comparison seemed to be 
desirable. 
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8. Contact Responses and Death-Feint. 

Another form of response, related to contact, often is 
evinced by these gerrids and that is the death-feint. This 
frcciuently can be induced by gently stroking the dorsal sides 
of their bodies. Sometimes, merely touching the animals is 
sufficient stimulation to obtain the death-feigning response. 
In other instances, if they are picked up in the fingers, this 
response occurs. However, on other occasions, it is very 
difficult to elicit the death-feint and sometimes, no form of 
contact stimuli calls forth the response. Essenberg (1915a, 
pp. 399-400, 402) states that Gerris orba, a congener of Gerris 
remigis, feigns death, the response being very pronounced in 
certain individuals. The response can be elicited by contact 
stimuli. On arousing from the death-feint, it again can be 
induced by means of contact stimulation. The normal position 
assumed by Gerris remigis during the death-feint is for the 
body to lie flat against the substratum, where it becomes 
rigid. At such times the front pair of legs and antennae are 
stiff and stretched forward, while the middle and hind pairs of 
legs also become rigid and are stretched backward. The legs 
assume a position as nearly as possible in the same plane as 
that of the body and almost parallel with its longitudinal axis. 
The insects remain perfectly motionless during the response 
and may be handled without arousing them from the death- 
feint. They may be lifted by the posterior pairs of legs without 
these being bent. At such times, the entire weight of the body 
is supported by these legs. Often, on arousing from the death- 
feint, stroking the body and other forms of contact stimuli 
again induces the response. On the other hand, after the 
death-feigning response has continued for some time, contact 
stimuli, frequently, arouses the animals from it, as does dropping 
them onto the surface-film of water. 

Members of other families of aquatic Heteroptera besides 
Gerridae exhibit the death -feigning response, for example, the 
water-scorpions, Ranatra Jusca (Holmes, 1906), Ranaira quad- 
ridentata (Holmes, 1907) — both of the family Nepidas^ — Belo- 
stoma flumineum Say and Nepa apkulata Uhler (Severin and 
Severin, 1911), the former of the .‘family Belostomidae and the 
latter of the family Nepidae. Severin and Severin (1911a) 
again refer to the death-feigning instinct of Nepa apiculata. 
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It is evident, from the observations and experiments of these 
and other writers, that responses to contact stimuli are clo^elv 
associated with the deathrfeint. Holmes (1906, pp. 200-201, 
206, 211) has pointed out the fact that contact and stroking 
the bodies of Ranatras with the fingers induces the death- 
feint. He (1906, p. 204) records the interesting observation 
that when the water-scorpions arouse from the response, the 
death-feint again can be invoked by contact. This writer 
(1906, p. 201) also declares that the contact of air currents 
brings about the death-feigning response. According to Holmes 
(1907, pp. 161-163), Ranatra quadridentata exhibits the death- 
feigning response. He found that the response is not so pro- 
nounced in young Ranatras as is the case in older individuals. 
Contact stimulation appears to be influential in eliciting the 
response both in the immature and adult insects. Under 
certain conditions, as the water-scorpions arouse from the 
death-feint, it can be induced again by contact stimuli. 

In the interesting monograph by Severin and Severin 
(1911, p. 2), the fact is pointed out that Belostoma flumineum 
feigns death ‘'when raked or scooped out of the water. ” Picking 
it “out of the water from an aquarium,” or repeated contact 
of the fingers to the abdomen, often elicits the death-feigning 
response. Nepa apiculata readily feigns death, while in the 
water, if it is touched on the dorsal side “with a pencil or other 
object.” A similar response is obtained by removing the 
insect from the water by means of a pair of forceps. The result 
is the same, whether it is grasped by the body, the breathing 
tube, or the legs. It i^ evident, in these instances, that contact 
stimulation is the factor which induces the death-feint. These 
writers (1911, pp. 6, 7) direct attention to other examples of the 
influence of contact stimuli in eliciting the death-feigning 
response. Nepa apiculata will feign death when placed on its 
back. After arousing from the death -feint it attempts to turn 
over onto its ventral side and in making such an attempt the 
animal often falls again onto its back. The effect of the shock, 
in falling back again, may result in inducing the response. 
When righting itself, the “shock effect” of dropping onto its 
' ventral surface is frequently sufficient to elicit the death-feint. 
A feigning Belostoma flummetm can be aroused by a breath of 
air blowing against it. The contact of a pair of forceps, a 
house-fly, or another Belostoma, any one of these, may stimulate 
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the animal so that it arouses from the death-feint. Then 
again, this species may arouse from the feint without any 
visible external stimulation. 

Severin and Severin (1911, pp. 8, 9) state that the legs or 
parts of the legs of a feigning Nepa apicidata may be cut off 
without disturbing the animal. During the death-feint, this 
species may be cut through the pro thorax and both parts of the 
body will remain quiet. But a feigning insect immediately 
arouses when dropped onto the surface-film of water. These 



Fig. 11. The large water-strider, Gerris remigis Say, alate form; 
a typical surface-film, running water inhabitant. Natural size. 
(Drawing by Bcutcnmuller). 


investigators (1911, p. 13) remark, with reference to ten 
individual Nepa apiculata, that : 

Every specimen was made to feign by taking it out of the water 
with a pair of forceps, dropping it upon a moist blotter from a small 
height and turning it over and over laterally three or four times. 

In another connection they (1911, p. IG) state that: 

The death feint of Belostomas often ends suddenly when the insects 
are thrown into water; frequently, however, the bugs bob up to the 
surface of the water and continue to feign there. 

With reference to the death-feint of Nepa apiculata, men- 
tioned by these writers (1911a, p. 100) in the second of their 
papers, the?e is the statement that : 

When raked out of the water, together with the mud and partially 
decayed vegetation, these insects usually feign death, in which condition 
they readily escape detection, as their flat bodies are effectively concealed 
by the black mud and decaying plant tissue. 

Regarding the origin of the death-feigning response, Severin 
and Severin (1911, pp. 37-38) make the following statement; 
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Among the aquatic Hemiptera, the death feint may have arisen 
of positively thigmotactic propensities which are manifested to sucli a 
marked degree by various members of the families Belostomid^e and 
Nepida?. In a previous paper, attention has already been called to tiie 
fact that Belosionta and Nepa as well as other closely related aquatic 
Hemiptera cluster together to form groups whenever possible, which 
probably is a manifestation of their positively thigmotactic response, 
Belosioma will crawl, whenever possible, beneath aquatic plants or oilier 
objects and will then often assume that death-feigning attitude in which 
the legs are folded against the ventral surface of the body. Specimens^ 
which had cuddled within thick masses of Elodea or Ceratophylluw. 
often required a considerable amount of shaking to bring them out of 
their inert state, Nepa can be caused to feign while in water by a mere 
contact stimulus. 

The death -feigning response is a common phase of behavior 
among certain Crustacea, especially among members of the 
order Amphipoda, of the family Orchestiidse. Holmes (1903) 
discovered that both Talorchestia longicornis and Orchestia 
agilis exhibit this response, the latter in a lesser degree. He 
(1903, pp. 192-193) draws attention to the fact that, in the case 
of Talorchestia longicornis, contact with the fingers and with 
solid objects such as sand and small stones induce the death- 
feint. When the bodies of these animals are surrounded with 
the objects mentioned, thus giving greater contact, the duration 
of the response is much longer than that of individuals lying on a 
flat surface. As members of this species arouse from the death- 
feint, pressure or contact cause them to resume death-feigning. 
Regarding Orchestia agilis, this observer (1903, pp. 194, 195) 
states that contact stimuli exercise sort of hypnotic effect” 
on it. On the other hand, contact may arouse the animal from 
this condition. The thigmotactic responses of Orchestia agilis 
do not appear to be so definitely of the death-feigning character 
as do those of Talorchestia longicornis. 

The entire paper of Holmes (1903) is of an extremely 
important character. His discussion of the probable method 
of evolution of the death-feigning instinct and of its probable 
origin are both very suggestive. He (1903, p. 195) refers to 
another species of amphipod, Orchestia palustris, of the family 
Qrchestiidac, pointing out that, although it responds definitely 
to contact stimuli and lies very quiet when in contact with 
and between solid objects and is aroused with difficulty from 
“its thigmotactic lethargy,'^’ yet its response with the death- 
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feint IS less pronounced than that of Talorchestia longicornis. 
However, its thigmotactic responses are much better developed 
than are those of Orchestia agilis. Holmes (1903, pp. 195-196) 
states that: 

The conduct of this species [Orchestia palustris] is intermediate 
between the thigmotactic response of agilis and the death-feigning of 
Talorchestia. Some specimens might almost be said to possess a death- 
feigning instinct- 

He believes that if certain of its thigmotactic responses 
were 

carried out in a more decided manner and persisted in longer [that 
they] would result in what would commonly be called feigning death 

Continuing his discussion of the probable development of 
thigmotaxis into the death-feigning instinct, he remarks that: 

The death-feigning instinct of Talorchestia is an instinct which, I 
believe, has its root in the thigmotactic responses common among 
other amphipods. One may easily conceive that by the selection gen- 
eration after generation of those individuals of 0. agilis \w which the 
thigmotaxis is most persistent ... a mode of behavior like the death- 
feigning instinct of Talorchestia might readily be produced. 

It seems not improbable that an instinct having its phyletic root in 
a simple thigmotactic response may in course of time come to be com- 
paratively independent of contact stimuli. The persistence of death- 
feigning in Talorchestia depends far less upon contact than the thigmo- 
tactic reactions of the aquatic Amphipoda, although, as has been 
pointed out above, contact still increases the duration of the feint. 

Holmes points out that eventually contact stimulation may 
become necessary only to initiate the death-feigning response, 
but may not be required for the continuation of the feint. 
In course of time a mere tap or jar is all that is required to bring 
about the response. He points out that the death-feint is 
generally evoked as a response to some sort of contact stimu- 
lation. These references to the work of Holmes will be 
closed by directing attention to one other statement recorded 
by this writer. He (1903, p. 193) states that: 

Talorchestia does not feign death upon receiving purely visual 
impressions; it requires contact of some sort to elicit this fonn of 
response. The same fact seems to be quite general in the death-feigning 
of animals, especially below the vertebrates, and it is a circumstance, 
I believe, of considerable significance in relation to our views of the 
genesis of this instinct. 
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9. Contact Responses and Rain vStorms. 

These water-striders frequently display a form of behavior 
that is at least associated with the contact response. During 
heavy rains, it has been found, in observations of their behavior 
on the surfaces of brooks and creeks, that they stride along the 
surface-film to the shore, to rocks, to dams formed of driftwood, 
and also to vegetation (Figs. 2, 3). On one of the earlier occa- 
sions when responses of this character were noticed, work was 
Ix'ing carried on along the course of a small brook, in the 
vicinity of White Heath, near Urbana, Illinois. A sudden 
thunder shower came up and it was observed, as the rain 
began to fall, that the gerrids quickly left the open situations 
on the surface of the brook. Many of them sought the windward 
bank of the brook, at points where it overhung the water. 
Here they were found close in to the shore, usually, with the 
middle and hind legs on one side of the body anchoring them 
to the solid substratum. Others ‘^sought” the windward 
sides of rocks where they, attached themselves in a similar 
manner. In a few cases, it was noticed that they climbed 
up the perpendicular sides of the rocks and crept into crevices. 
In some other instances, they crawled up onto the upper 
surfaces of flat stones that were just a few inches above the 
surface of the water. Others came in contact with aquatic 
and semiaquatic plants that either extended above the surface 
of the water, or else grew along the margins of the brook (Figs. 
2, 3). In this connection it may be of interest to direct atten- 
tion to a statement by Essenberg (1915a, p. 398), made with 
respect to Gerris orba, who remarks that: 

When disturbed while on the water the insects betake themseh'es 
(luickly to the land or among the weeds, and hide by clinging to the 
lower surface of the leaves or by lying quietly on the ground. 

Near the location where my work was being done on that 
particular day, there was a large dam formed of driftwood, so 
situated that during this storm one side of it was to windward. 
It was found that the gerrids were congregated here by the 
hundreds. Many of them were on the surface-film with their, 
middle and posterior pairs of legs of one side placed on a portion 
of the driftwood. Such a position anchored them from the 
storm and gave them security from the wind and rain. Some 
left the water and crawled a few inches onto the driftwood, 
where they were secure. Their legs were spread out and their 
bodies flattened against the substratum. In a number of 
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instances, they crept into slight depressions and interstices in 
the driftwood and lay there motionless. It should be stated 
that the great majority of the gerrids did not leave the surface 
of the water and those that did do so occupied positions seldom 
more than a few inches away from it. Those individuals, that 
were caught by the wind and rain on the surface-film in situa- 
tions considerably nearer to the leeward than to the windward 
side of the brook, in the main ‘‘sought'’ the bank on the former 
side. It was noticed that a larger number of these crawled 
from the surface-film onto some solid substratum than was the 
case of gerrids on the windward side of the brook, During 
such storms, none or only a few of the gerrids may leave the 
surface-film, but always they are found anchored to, or in 
contact with some solid object, or else on the surface of the 
water in some unusually well protected situation. In this 
connection a statement by de la Torre-Bueno (1917a, p. 296), 
with respect to a related species, Gerris marginatus Say, is 
of interest. He remarks that: 

Unlike its larger congener remigis, it is a dweller in still waters by 
preference. Here at times it gathers in large numbers. In strong 
winds it hugs the shore, particularly if it blows that way. 

After the storm was over and the sun emerged, many of the 
water-striders promptly “sought” the surface-film and con- 
tinued their usual forms of behavior. Others delayed making 
this movement for several minutes after the cessation of the 
rain. While still others were found in contact with some solid 
substance for a half an hour after the storm had ended. Many 
of those, which first moved onto the open areas of the stream, 
were gerrids that did not crawl upon any solid surface away from 
the water. The animals which crept into depressions and 
interstices, in the main, were the last to reach the surface-film, 
probably due to the fact that greater areas of their bodies were 
applied to the substratum and, therefore, contact stimuli 
influenced them more strongly than the others which did not 
have such large surfaces of their bodies in contact with some solid 
surface. Contact stimuli appear to play a considerable role in 
responses of the character that have been described. Certainly 
they seem to have a decided effect in the cessation of the 
locomotor activities of the water-striders. Such stimuli not 
only appear to exert influence in bringing the gerrids to rest 
against some solid object, but also in their action in keeping 
them there for considerable periods of time. 
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III. RESPONSES TO LIGHT. 

1. Habitat Responses to Sunlight. 

The responses of Gerris remigis to photic stimuli have not 
yet been worked out fully. Groups of these gerrids, in their 
habitats on the surfaces of brooks and creeks, frequently have 
been observed to assemble in the shade of the banks, of over- 
hanging rocks, and of trees. These aggregations are evident 
especially during the heated days of summer. Such gatherings 
are very common on the surfaces of streams in the prairie 
regions of Illinois, where, during the late summer, there is often 
a very high temperature and glaring sunlight untempered by 
any wind. On cloudless days, with the temperature at 100® F,, 
the unshaded portions of streams frequently were entirely free 
from water-striders, but they were found on those parts of 
such waters that were shaded by trees, shrubs and other vegeta- 
tion, Occasionally, there were days of this character when no 
gerrids could be seen on the open surface of a brook, but often 
on reaching some situation where the water practically was 
concealed by overhanging willows, alders and herbaceous 
vegetation, it was found, when such vegetation was disturbed, 
that the water-striders darted out from under it in many 
different directions. Hungerford (1919, p. 116), writing of 
Gerris remigis in Kansas, states that : 

They are gregarious fellows, seeking a resting place in the shade of 
overhanging bank or bush, but taking wildly to the open when alarmed. 

However, this “seeking” of shaded situations ma/y be the 
result of a combination of responses to the sunlight and to 
the heat, or it may be entirely a response to the latter form of 
stimulation. Although this needs to be tested in detail experi- 
mentally,* yet certain statements by de la Torre-Bueno (1911, 
p. 246) seem to suggest that temperature is a factor in influencing 
these gerrids to congregate in shaded situations. This observer 
remarks that : 

It [Gerris remigis] is to be found most frequently on running waters,' 
although it also frequents still, but to a less extent. . . . They con- 

♦ Some experimental evidence already has been obtained and further experi- 
ments are under way. It is hoped that the results obtained will be published in a 
later paper. 
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gregate in groups in shady, slow-moving parts of streams, at the tr. c 
roots projecting from banks into the water, in the shadow of bridge ;, 
and in general in almost any place where they have some shelter froni 
the burning rays of the summer sun. 

Again referring to Gerris remigis, he (1917, p. 201) makes 
the following statement in connection with some of their habitat 
responses : 

These beasties are common and familiar sights to the lover of the 
quiet flowing waters running to the distant sea. In these haunts, in 
some still bay or moveless backwater, under a bridge, or jn the shadow 
of a tree, or in the cool recesses of an overhanging bank, you may 
see remigis gathered in numbers, rowing silently about. . . Here they 
rear large families and spend at ease the sultry dog-days. 


2. Responses to Sunlight and Laboratory 
Observations. 

Although the habitat responses of the gerrids, referred to in 
the previous section of this paper, eventually may be proved 
to be responses to temperature rather than to light — sunlight — 
nevertheless, there is some positive evidence in connection 
with their behavior with respect to sunlight. During the sum- 
mer, numbers of Gerris remigis frequently have been kept in 
the laboratory in large aquaria, of the kind already described. 
On several different occasions, it was observed that when a 
strong beam of sunlight entered an aquarium, containing gerrids 
of this species, that they were found congregated at the end of 
the receptacle farther away from the entering beam of light. 
Sometimes they did not crowd to the end of the aquarium, but 
simply moved out of the sunlight into the more shaded parts of 
the vessel. One afternoon, two aquaria accidently were left 
on a laboratory table near a window, in such a position that 
they were practically parallel to each other. The aquarium 
next to the window was almost full of water, while the one 
farther away from the window contained only a few inches of 
water. There were gerrids in both aquaria and in each case 
they were congregated at the end farther from the beam of 
•sunlight that passed through both aquaria. Such behavior 
suggested that the water-striders were responding to the 
sunlight, but there remained the possibility that the response 
might be due to temperature, at least on the part of the gerrids 
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in the aquarium next to the window. However, the behavior 
of the insects in the farther receptacle seemed to be the result 
of a negative response to sunlight, for it is evident that the 
water in the aquarium near the window must have modified to a 
considerable degree the temperature of the sunlight as it passed 
through the farther receptacle. 

3. Responses to Artificiae Light of Moderate 
Intensity. 

In order to discover whether the gerrids would respond to 
artificial light of a weaker intensity than sunlight, the animals 
were subjected to electric light. They were placed in an 
aquarium — all aquaria used in this work being of the dimensions 
previously given— with parallel glass sides and ends, containing 
a few inches of water. The bulb of an incandescent light was 
hung in front of one end of the aquarium and about four inches 
away from it, the illumination within the field of experimenta- 
tion being approximately 44 ca. m. All experiments with 
artificial light were performed in a dark room. 

When the light first was placed near the aquarium, the 
insects, about fifty of them, were found to be scattered about on 
the surface-film. There were movements of the antennae, legs 
and bodies as soon as the animals were subjected to the influence 
of the light. In a few seconds, perhaps half of the gerrids so 
oriented themselves that their heads were directed toward the 
source of illumination. This placed the longitudinal axes of 
their bodies parallel with the sides of the aquarium and also 
parallel with many of the rays of light passing through the bulb. 
It can not be said, however, that the long axes of the bodies of 
the insects were definitely parallel with all the rays of light 
passing into the aquarium from the source of illumination. 
Directly after orientation, the gerrids strode along the surface- 
film to the end of the vessel next to the light. The majority 
of them remained there, with their heads pointing toward the 
light. 

By the time that these twenty-five water-striders reached the 
positive end of the aquarium, all but four of the remaining 
gerrids were oriented, with their heads directed toward the 
light and the long axes of their bodies placed parallel with 
many of the incoming rays. They then moved over the 
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surface-film in the direction of the source of illumination, 
remaining at the end of the aquarium next to the light. None 
of the watcr-striders evinced a total indifference to the light, 
for even those that did not stride to the positive end of the 
aquarium, exhibited some sort of response. In certain instances 
there were movements of the antennae, of the legs, or of the 
bodies. In other instances two or three of these sets of move- 
ments were observed. Two out of the four gerrids oriented 
themselves with their heads directed toward the source of light 
and they moved a few inches in the direction of the positive end 
of the aquarium. On the part of the two remaining insects, 
there was no orientation with respect to the light, but there 
were such movements of the legs, antennas and bodies as already 
have been mentioned. 

When the light was placed at the opposite end of the 
aquarium, the resulting responses of the gerrids were similar 
to those that have been described. The animals oriented with 
their heads toward the light and moved to the end of the 
vessel next to the source of illumination. Many individuals 
strode over the surface-film to the light very rapidly, the 
photic stimuli, apparently, exerting its influence on them 
immediately. By moving the light first to one end of the 
aquarium and then to the other, the gerrids were made to 
respond by moving to that end of the receptacle where the light 
temporarily was placed. Such experiments were performed 
many times with similar results. It is evident that Gerris 
remigis responds positively to photic stimuli from an incan- 
descent light, with a field of illumination of 44 ca. m. 

It has been pointed out previously that the majority of the 
members of this species are apterous (Fig. 1), but that occasion- 
ally a few alate forms are found (Fig. 11). In the various 
experiments performed up to the present time, it has not been 
possible to make the gerrids leave the surface of the water and 
fly toward the light. However, it is probable that, under 
certain favorable conditions, they would do so. In a former 
paper by me (1920a, pp. 4-5), attention was directed to 
the fact that a related species, Gerris marginatus, has been 
observed to migrate by flight during moonlight nights, a 
probable response to photic stimuli. Drought may have some 
bearing on such flights, as they were noticed in an interval of 
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extended dry weather. Attention is directed to a quotation 
from the paper just referred to: 

On perhaps three occasions, when droughts of this character extended 
into the fall, I have witnessed the flight of a few isolated specimens [of 
Gerris marginaius]. I wish to state that it was several years, after I 
first became interested in the family Gcrrid®, before I saw a water- 
strider fly without some artificial stimulation. Flight occurs at dusk 
and during moonlight nights. This fact I observed for the first time in 
Illinois. Flight may take place at other times also, but it has not been 
seen by me. 

Essenberg (1915a, p. 400) has observed the flight of another 
closely related species, Gerris orba, in response to stimuli from 
artificial light. She states that: 

Gerris remigis [orba] is positively phototactic. If it takes to its 
wings once in a while it always flies toward the light, producing a 
buzzing sound as it flies. 

4. Responses to Artificial Light of Weaker 
Intensity. 

These water-striders respond not only to the stimuli of an 
electric light of 44 ca. m. in the field of experimentation, but 
they also respond to photic stimuli from a light of much less 
intensity. An electric incandescent light bulb, which gave 
22 ca, m. illumination in the experimental field, was hung at 
one end of the aquarium containing the gerrids. The general 
responses of the animals, with respect to the photic stimuli, 
were noted. When the light was flashed onto them, the 
majority so oriented themselves that their heads pointed toward 
the source of illumination and the long axes of their bodies were 
parallel with the sides of the aquarium and with many of the 
incoming rays. There were thirty water-striders in the 
receptacle. Twenty-two responded by striding over the surface- 
film to the positive end of the aquarium. Most of them 
congregated there, but they did not rem.ain stationary. Some 
crawled up the perpendicular glass end; others remained with 
their heads directed toward the light; while still others moved 
back and forth at the lighted end of the aquarium. A number 
of similar experiments were performed and the results, with 
certain slight modifications, were much the same as those that 
have been described. 
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Although no quantitative data were obtained, the general 
behavior of the water-striders, with respect to the source oi 
illumination, was very similar to that recorded in connection 
with their responses to the electric light of 44 ca. m. in the 
field of experimentation. If there was any difference of impor- 
tance, it was that the gerrids appeared to respond with some- 
what less promptness to the stimuli of the weaker light than 
they did to those of the stronger illumination. According to 
Essenberg (1915a, p. 400) who observed the light responses of 
a closely allied species, Gerris orba, she found that: 

It is more phototactic in strong light . . . less so in a weaker 
light. 


5. Responses to Oscillating Artificial Light of 
Moderate Intensity. 

Not only does Gerris remigis respond positively to a 
stationary electric light, but it also responds to a moving electric 
light. In these experiments the source of stimulation was an 
incandescent electric light of 44 ca. m. in the field of experi- 
mentation. The gerrids were placed on the surface-film in an 
aquarium of the usual kind, containing water a few inches in 
depth. The bulb of the electric light was hung directly in 
front of one end of the aquarium and made to oscillate as a 
pendulum, its plane of motion being parallel to the end of the 
receptacle. 

Thirty gerrids were used in the experiments. When the 
light was set in motion, the majority of the insects oriented 
with their heads pointing in the direction of the source of 
illumination. Then they moved promptly across the surface- 
film toward the positive end of the aquarium, in much the same 
manner as they did with respect to the stationary light of equal 
intensity. While no quantitative results were obtained, it 
was evident that the responses of the water-striders were more 
prompt with regard to the oscillating light than was the case 
with respect to the stationary one. They seemed to orient 
themselves to the source of illumination and also to move 
toward it more readily, perhaps, than was observed to be the 
case in their responses to the stationary light. 

After reaching a point in the aquarium approximately 
. eight to ten inches away from the glass end, nearest the source 
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of illumination, the majority of the water-striders changed their 
direction of movement. Instead of continuing in lines prac- 
tically parallel to the sides of the aquarium, they assumed 
])Ositions with the long axes of their bodies oblique to the 
longitudinal axis of the receptacle. While their heads con- 
tinued to be directed toward the general source of illumination, 
that is, toward the end of the aquarium where the light was 
placed, they now strode along the surface-film in oblique 
directions. Some of them turned their heads to the right and 
others turned them to the left. The directions in which their 
heads were pointed apparently depended on the swinging of 
the light — that is to say, it depended on the point that the 
light had reached in its oscillation. There appeared to be a 
certain amount of ‘'indecision” as to the directions that the 
gerrids would take in their locomotor movements. As the 
light swung to the right, they tended to turn to the right and 
often moved for a short distance in that direction; then, as the 
light swung back again to the left, there was a tendency for 
them also to move back again in that direction. Whether the 
gerrids moved to the left or to the right, with respect to the 
oscillating light— while there were some slight movements 
toward it — the bulb swung back toward them so quickly that, 
in many instances, there were not many actual locomotor 
movements in its direction. So that the insects, in some cases 
at least, remained, approximately, in the same locations, 
although there were certain slight changes in positions. 

Some of the gerrids congregated at the end of the aquarium 
nearest to the oscillating light, but they were found at any point 
along this end. Evidently, there was not much additional 
stimulation, in so far as the oscillating light was concerned, 
for they did not stride after it, but rather they moved about 
anywhere close to the lighted end of the aquarium. A few 
remained more or less stationary with respect to locomotion, 
some of them being actively engaged in cleaning their legs and 
antennae. Other gerrids— as they strode across the water-film 
from the negative toward the positive end of the aquarium- 
on reaching the region where their paths became oblique, 
due to the influence of the oscillating light, moved close up to 
the glass in the end of the vessel. After the light swung past 
them, they moved, for a very short distance, along paths 
parallel to the end of the aquarium, but in the direction that 
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the light had gone. Then, as it swung back and passed them 
again, some oriented themselves with their heads toward the 
light and moved for short distances in its direction along lines 
parallel with the end of the aquarium. In many instances — 
as the light swung past the gerrids — orientation toward the 
source of illumination was attempted, but this was not com- 
pleted before the light was well on its way back again toward 
them. On such occasions, the water-striders did not orient, but 
continued along the paths that they already had taken. It is 
evident, therefore, that there was a tendency for those gerrids, 
which had reached the glass end of the aquarium, to follow after 
the oscillating light and so to move, frequently for distances of 
one or two inches, back and forth in lines roughly parallel 
with the end of the aquarium. 

6. Responses to Oscillating Artificial Light of 
Weaker Intensity. 

Experiments were conducted with the view of discovering 
the character of the behavior of these water-striders when 
subjected to the stimuli of an oscillating artificial light of lesser 
intensity than 44 ca. m. in the experimental field. For this 
purpose, an incandescent electric light of 22 ca. m. in the field 
of experimentation was suspended in front of the glass end of an 
aquarium. Then, the light was made to oscillate as a pendulum 
in a plane parallel with the end of the receptacle. 

There were twenty gerrids on the surface of the water. 
When the light first was flashed onto the insects, it appeared 
as if all of them responded by so orienting their bodies that the 
long axes were parallel with the sides of the aquarium and their 
heads were pointed toward the source of illumination, but this 
soon was observed not to be the case. Five of them did not 
orient in this manner and fifteen of them did assume such 
positions as have been mentioned. Fifteen individuals responded 
positively to the light by striding along the surface-film toward 
the source of illumination. Five of the gerrids remained behind 
and did not move toward the light. Two out of the five 
responded by turning their heads toward the positive end of 
the aquarium, but they did not move in the direction of the 
light. The other three appeared to be rather indifferent with 
reference to the directive influence of the photic stimuli. The 
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fifteen water-striders which had responded by moving toward 
the light, assembled at the positive end of the vessel. After 
an interval of a few minutes, the light was removed to the 
opposite end of the receptacle and the gerrids responded to 
the photic stimulation in a similar manner as before. By 
placing the oscillating bulb first at one extremity of the vessel 
and then, after a short interval of time, at the other extremity 
of the aquarium, the greater number of the water-striders 
always moved toward the source of illumination. 

As the hemipterons strode along the water-film toward the 
light, the long axes of their bodies were approximately parallel 
with the sides of the aquarium and also with many of the 
entering rays of light, but by no means were their bodies parallel 
with all the incoming rays. However, when the animals reached 
points roughly six or eight inches from the positive end of the 
aquarium, their directions of locomotion became oblique with 
respect to the paths that they so far had travelled. Evidently 
these changes of directions of movement were due to the 
directive influence of the swinging light as it assumed various 
positions along the plane of its oscillation. 

The further responses of the gerrids were much like those 
described in the experiments with the swinging 44 ca. m. 
electric light. The locomotor movements, in connection with 
the experiments with the light of weaker intensity, in a general 
way, were very similar to those evinced in the experiments with 
the stronger light of 44 ca. m. in the field of experimentation. 
There was, perhaps, a little less promptness in orienting to 
the oscillating light and also a little less definiteness in moving 
toward it than was the case when the light of greater intensity 
was employed as the source of illumination. 

7. Responses to Moving but Non-osctllating Artificial 
Light of Moderate Intensity. 

It was found that the gerrids responded readily to a moving 
incandescent electric light that was not oscillating. The light 
that was employed in the experim.ents was approximately 44 
ca. m. in the experimental field. At the beginning of the 
experimental work, the light was placed directly in front of the 
aquarium containing the water-striders and at one end. Water 
was poured into the vessel to a depth of about four inches. 
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Contact responses modified the phototaxis to some degr^ 
due to the fact that a large number of gerrids were used i]’. 
each trial, forty to be exact. 

When the experiments began, the animals were scattered 
about at various points on the surface-film. On the light bciij'r 
flashed into the aquarium, those gerrids which did not ha\v 
their heads directed toward the lighted end of the aquarium, 
with four exceptions, immediately turned until they were 
standing with their heads oriented toward the source of illumina- 
tion and with the longitudinal axes of their bodies parallel with 
the long axis of the aquarium and also parallel with many of the 
rays emerging from the electric light bulb. The majority 
of them promptly strode toward the light and congregated 
at the positive end of the vessel. Others paused a few seconds 
before they moved toward the source of illumination. Seven 
appeared to be indifferent to the photic stimuli, in so far as 
locomotion toward the light was concerned. They moved 
about on the surface-film apparently without any reference 
to the source of illumination; or they remained almost station- 
ary; or they were busy cleaning their legs and antennae. A 
majority of the seven, during the locomotor movements, kept 
nearer to the negative than they did to the positive end of the 
aquarium. This suggested, perhaps, a tendency toward being 
negative in their responses with respect to the light. However, 
while conducting several other experiments, of a similar char- 
acter, it was noticed that just about as many individuals were 
near the positive as there were near the negative end of the 
vessel. These experiments showed that the larger number of 
the insects responded positively to the light and in much the 
same manner as was found to be the case in many former 
instances. 

After these preliminary trials and after similar responses to 
the above had been noted in a number of different trials, the 
gerrids were subjected to the influence of a moving light. 
It was moved slowdy around the outside of the aquarium close 
to the glass sides and ends. The majority of the insects followed 
after the light. Some kept just behind it, or almost parallel 
with it — that is, opposite to the light — while others followed at 
a considerable distance behind the electric bulb. In a number 
of instances, gerrids followed the light, but kept at a distance 
of four to six inches behind it. However, there was very little 
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regularity about this. In the manner described, many of the 
^vale^-st^ide^s followed the light entirely around the aquarium, 
uiuil the starting point was reached. There appeared to be 
nt' difference in the responses whether the light was moved 
round the aquarium from left to right or vice versa. When 
the light was moved about above the gerrids, there was a 
tendency for them to keep in the lighted area. In general, the 
water-striders displayed considerable promptness in responding 
to the moving light, for they followed it with great readiness. 

S. Responses to Moving but Non-oscillating Artificial 
Light of Weaker Intensity. 

Some experiments were performed in which a moving but 
non-oscillating electric light was employed, in the field of 
experimentation the illumination being about 22 ca. m. The 
responses of the gerrids were of much the same’ character as 
those that have been described in connection with their behavior 
toward a moving light of 44 ca. m. When the light w^as placed 
at one end of the aquarium, the insects responded by striding 
across the surface-film toward the source of illumination. 
Then the light was moved slowly around the outside of the 
aquarium and the gerrids responded by following after it. 
There were no marked differences in their behavior to light 
of this intensity from that which they evinced in their responses 
to the 44 ca. m. moving light, except that it fairly may be said 
that they did not respond with quite the equal readiness to the 
photic stimuli of weaker intensity. 

9. Records of Other Observers on the Ptiototaxis of 
GERR iDHi and Related Aquatic Heteropter-V. 

Other observers have noticed that certain Heteroptera 
evince behavior of a definite character with respect to the 
photic stimuli of a moving light. Holmes (1005), in an excellent 
paper, has proved that Ranatra fnsca exhibits decided positive 
l)hototaxis to a moving light and also to a light that often is 
changed in its position. He (1907, pp. 160-161) further has 
demonstrated that, in water, Ranatra quadridentata responds 
]>romptly to the change in position of the light. ^ Individuals 
of this species respond to a moving light by exhibiting move- 
ments of the head towmrd it. Gerris orba, according to Essen- 
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berg (1915a, p. 402), responds quickly to a moving object or to 
a shadow. As early as the summer of 1911, it was observi d 
by me (1920, p. 70) that Gerris remigis evinces responses to 
moving objects and shadows. Some years later, the behavior 
of this species with respect to a moving incandescent light 
of 44 ca. m. in the experimental field was noticed. The following 
quotation gives my statement: 

I observed, as early as the summer of 1911, that these water-striders 
[Gerris remigis] respond to moving objects and shadows more promptly 
than they do to stationary ones. In the early fall of 1918, I discovered 
that individuals of Gerris remigis, confined in an aquarium, respond 
definitely and in a pronounced manner to a moving incandescent electric 
light and also -to frequent changes in the position of such a light. 

It is very probable that photic responses form an important 
part of the general behavior of the family Gerridae. Therefore, 
at this point it is, perhaps, worth while to draw attention briefly 
to some of the records of various writers on this group. State- 
ments by Kirkaldy (1898, p. 110) indicate that Gerris thoracicus 
Schumn, in Hungary and Gerris Iristan Kirk., in Ceylon are 
both positively photo tactic at night. Weiss (1914, p. 33), in 
certain experiments with water-striders, Gerris marginatus, a 
species related to and frequently observed in similar situations 
as Gerris remigis, found that, when they were removed from 
the surface of a large pond and placed on the ground at distances 
of one to nine yards from their habitat, they returned to the 
water promptly. It is quite possible that vision was the most 
important factor in guiding these insects back again to the 
water. The pool referred to by this observer covered an area 
of 3,000 square feet and would therefore serve as an effective 
reflective surface. According to Essenberg (1915a, p. 400), 
Gerris orba, a species closely related to and sometimes mistaken 
for Gerris remigis, exhibits positive phototaxis, sometimes 
leaving the surface of the water and flying to the light. Several 
years ago, while conducting an extended series of observations 
and experiments on some habitat responses of Gerris remigis, 
certain phases of the behavior of this species indicated that 
vision played a not inconsiderable role. In this connection 
reference is suggested to some of my former papers (1919, pp. 
410414), (1919a, pp. 503-505), (1920, pp. 68-70, 71-72, 77-80), 
(1920a, p. 9). It was suggested by me (1919a, p. 499) that 
Gerris marginatus, another common species of water-strider, 
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during migration by flight, probably finds bodies of water 
through the sense of sight. It should be remembered that the 
surface- of water is an effective reflector, and large bodies of 
water, such as ponds and lakes, are likely to attract migrating 
gerrids. 

Other aquatic bugs, besides members of the family Gerridse, 
belonging tO‘ a number of different genera of the order Heter- 
optera, exhibit responses to- photic stimuli. It is of interest 
to notice that behavior of this character is not limited to a few 
groups, but, on the other hand, shows itself in many more or 
less divergent forms.. It is not the* intention to' make an 
exhaustive enumeration of the genera and spedes that evince 
such responses’, but father to point out that these responses are 
a phase of behavior that should receive consideration in the 
study of the bionomics of this order of the Hexapoda. 

Comstock- and Comstock (1895; p. 132) state that members 
of the family Belostomidse respond to the stimuli from electric 
lights. Certain members of this group are apparently positively 
phototactic. From the context it is to be inferred that these 
observers probably refer to several genera of this family. It is 
well known, through the admirable investigations of Holmes 
(1905), that Ranatra fusca evinces positive phototaxis and that 
it is very strongly influenced by light. This paper by Holmes 
is an extremely suggestive and valuable one and for this reason 
it should be- read- carefully by all workers in animal behavior 
who are interested- in the photic responses of aquatic Heter- 
optera. Because of its importance, certain quotations have 
been taken from it Holmes (1905, p.- 315) points out that: 

Light seems- to dominate entirely this creature’s behavior when the 
phototactic reactions are once started. It docs not manifest any fear 
or awareness of any object in its environment save the light which it .so 
strenuously seeks. Its excitement increases the longer it is operated’ 
with. . . . 

Ranatra fused does not always exhibit positive responses’ 
to light. tJndef certain conditions it becomes negatively 
phototactic. Holtnes (1905, p. 317) makes the important 
statement that: 

The negative reaction is associated with a condition of lowered 
phototontis. ft is rarely shown except when the animal is in a condition 
of comparative sluggishness. When in great excitement, when its- 
movements take place with quickness and vigor, Ranatra always shows 
a positive reaction. 
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He (1905, pp. 318-325) has recorded a number of other very 
singular facts with respect to the negative responses to light. 
This water-scorpion may become negative in its behavior 
toward photic stimuli through the agency of contact stimulation, 
but, strange to relate, the negative responses also may be h(‘]d 
in check by the latter form of stimuli. Further, negative 
phototaxis can be induced by long exposure to strong light. 
In another interesting paper, Holmes (1907, pp. IGO-lGlj 
directs attention to the fact that the young of Ranatra quad- 
ridentata respond to light. In this connection, he states that : 

The reactions of young Ranatras to light are not nearly so vigorous 
and decided as those of the adult. A feeble positive phototaxis is man- 
ifested the first day after hatching and increases gradually as the insect 
grows older. Individuals a week old are very often found swimming on 
the side of the dish towards the light; if the dish is turned about they 
quickly swim again to the light side. When out of the water they are 
comparatively irresponsive to light — a fact in marked contrast to the 
behavior of the mature insects. 

According to this writer (1907, p. 163), Ranatra linearis, a 
European species, is positively phototactic and occasionally 
flies to lights during the night. Cole (1907, pp. 382-383) has 
not only substantiated a number of the experiments of Holmes, 
but in addition he (1907, p. 397) has shown that Ranatra fusca 
can discriminate between two lighted areas that are of different 
size, although the illuminated fields are of the same intensity. 
His experiments evidently prove that Ranatra fusca also is 
able to form images of “considerable definiteness.” De la 
Torre-Bueno (1914) has written a paper on phototropisni, 
which is of value not only because of the discussions in it on 
the phototaxis of Heteroptera, but also because of the relations 
of these discussions to the light responses of aquatic Heteroptera 
in general. 

Many of the species of the family Notonectid® are 
responsive to photic stimuli as Essenberg (1915) has denr- 
onstrated. Notonecta insulata Kirby, Notonecta undulata var. 
charon, Notonecta indica, and a species that was not identified 
were all used, apparently, in Essenberg's experiments. Noto- 
nectas evince a strong positive phototaxis- (1915, pp. 385-386) 
bo various kinds and intensities of lights. The positive photic 
responses are intensified by increases in temperature and 
increases in light intensities (1915, pp. 387-388). A sug- 
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gestive paper by Parshley (1917) is valuable because of its 
probable bearing on the phototaxis of aquatic Hetcroptera. 
In one of my former papers (1919a, pp. 499-500), it has been 
pointed out that some of the genera in the family Belostomidse 
are positively photo tactic at night to electric lights— street arc 
lights. Benacus griseus and Lethocerus americanus have been 
observed in great numbers flying around electric street lights. 
It is very probable that other aquatic genera and species of the 
order Heteroptera exhibit photo tactic responses. A recent 
paper by de la Torre-Bueno (1920) — and the references con- 
tained therein — is suggestive because of the explanations 
it may offer regarding light responses of certain aquatic 
Heteroptera. 


IV, SUMMARY AND CONCLUSION. . 

1. Introduction. 

This paper treats of some of the general responses of the 
large water-^trider, Gerris remigis Say, one of the common species 
of aquatic Heteroptera, to contact and also to photic stimuli. 
According to de la Torre-Bueno (1911), its systematic position 
is as a member of the family Gerridae, subfamily Gerrinse, tribe 
Gerrini, and subgenus Aquarius Schell {=Hygrotrechus Stal). 

The optimum habitat of the species is, in the main, on the 
water -films of permanent brooks and creeks, of medium size, 
with currents of moderate velocity. The structural characters 
of the body, as well as the general behavior of the species 
appear to be suited for a life in such a habitat. The species is 
mainly an apterous one. 

2. Discussion. 

Gerris remigis readily responds to contact, various objects, 
in its habitat, such as a piece of driftwood, a rock, a drifting 
leaf, and the bank of the stream serving as stimuli. Thig- 
motaxis is evinced by the members of this species coming to 
rest against such solid bodies. Contact between two individ- 
uals frequently results in a cessation of locomotion of both 
gerrids. Animals under the influence of contact stimulation 
remain stationary from a few minutes to an hour or more. 
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These gerrids respond to contact in a different manner on 
different occasions to similaj* stimuli, although the general 
conditions are not changed. When two of them come in 
contact with each other, they may become stationary; they 
may move apart slowly ; or they may dart rapidly away from 
each other. These variations in responses probably are due 
to the differences in the internal conditions, oi the animals at 
different times. 

Through the influence of contact, groups of various sizes are 
formed. The animals respond by remaining quietly on the 
surface-film, with their legs overlapping and their bodies^ 
closely applied to each other. These aggregations- may origi- 
nate near some solid object, extending above the surface of the 
water, or they may arise through various individuals impinging 
against each other. Surface breezes assist in the formation 
of these assemblages. The- physical conditions of the environ- 
ment, the physiological states of the gerrids, and the season of 
the year, all seem to have a bearing on this matter. Such 
grouping^, appear to be n^re common in the fall than is the 
case- at. any ether season. They are larger and- more compact 
at. this time. The groups may consist, of a few gerrids,. as many 
as seventy -five to a hundred, or even more. Siich aggregations 
are- formed on. the- surfaoes of pools, through "^hich pass g^entle 
cuurentSj. but usually they are not formed on the swiftest water, 
and they appear as, dark patches on the surface-film. They may 
continue, to exist from a few minutes to an. hour and a half or 
for longer periods., 

The disintegration of the ^oups. of gerrids appear to occur 
mainly through the modification or inhibition of thigmotaxis by 
means of other stimuli. Mechanical stimulation appears to* 
have the greatest influence in this process. This is due, fre- 
quently, to the activities- of certain individuals within the 
groups. Their activities disturb other gerrids in the immediate 
vicinity and eventually result in the disassoci’ation of the groups. 
Those gerrids near the peripheries of the groups, generally leave 
first. It is usually more, difficult for the individuals within the 
* groups,, near the centers,, to- break loose from the clusters. 
Very strong wind currents ; agitation of the surface by means of 
water-currents; objects drifting with the stream,, such as dead 
leaves and driftwood;, all these seem, to have much the same 
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sort of influence in disintegrating the groups of assembled 
gerrids. 

Responses to contact stimuli are strongly in evidence at 
the inception of and during the hibernation period. These 
gerrids hibernate in many different situations, for example, 
under masses of dead leaves, in holes in the banks of streams, 
under tree roots, under the bark of fallen dead trees, under logs 
and driftwood, and under piles of brush. The acts of crawling 
into and remaining in such places are evidently due to the 
contact stimuli that impinge on them at such times. They 
usually hibernate in large groups or clusters, sometimes as 
many as two hundred and fifty gerrids being found in such 
assemblages, although they are taken in smaller numbers. 
On such occasions, they are in close contact with each other, 
their legs and bodies being closely applied. They remain 
very quiet, with their bodies in close contact with the sub- 
stratum. At such times, the bodies of the gerrids appear to 
be very scUvSitive to contact stimuli. They hibernate in close 
proximity to their own habitat. 

During severe droughts, the water in the habitat of these 
gerrids may disappear entirely. At such times they migrate 
from their dry habitat, often along the beds of streams. During 
such migrations, they frequently come in contact with various 
objects, such as stones, driftwood, clumps of dead leaves, and 
lumps of dry mud. Their thigmotactic propensities are in 
evidence at such times, for contact stimuli influence the gerrids 
to come to rest against and underneath these objects. They 
also jump into cracks in the dry beds of streams. Stimulation 
of this sort inhibits locomotor activities, and the responses of 
the animals to such stimuli influence them to remain quietly in 
these places, with their bodies closely applied to the objects 
with which they are in contact. Such thigmotactic responses 
keep the gerrids in places of this character from a few minutes 
to an hour or more and even for longer periods. 

In laboratory aquaria the gerrids frequently leave the 
surface-flim and crawl onto the sides and upper surfaces of^ 
stones, extending above the surface of the water, often covering 
the stones several layers in thickness. They remain motionless 
in clusters for long periods of time. They crawl up the glass 
walls of the aquaria into the angles formed by the sides of the 
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aquaria and also into the angles formed by the flanges and sitjcs 
of the aquaria. They move into small spaces between stones 
often staying there in a quiet condition for several days. These 
responses evidently are due to the thigmotactic proclivities of 
the gerrids. The tendency to congregate in compact masses is 
pronounced. 

The so-called death-feigning response can be induced in 
these animals by means of contact stimuli. Touching their 
bodies or stroking them, often is sufficient stimulation to incite 
the response. In some instances the gerrids can not be induced 
to feign death through the agency of contact stimulation. The 
bodies are rigid and the antennae and the legs are stiff while the 
response continues, the gerrids remaining motionless. At 
such times, contact stimuli may not arouse them from the 
death-feint, while on other occasions, such stimulation does so in 
a few seconds. Then again, there are instances, as the animals 
arouse from the deathTeint, when the application of contact 
stimuli reincites the response. Vision appears to have little 
influence in bringing about the death-feigning response, but 
contact seems to be the principal factor in inducing it. 

During rain and wind storms, these water-striders leave the 
open, exposed surfaces of streams. They are found with their 
bodies in close contact with solid objects, such as rocks, vegeta- 
tion, banks of streams, and dams of driftwood. Usually, they 
are observed on the windward side of the objects that have been 
enumerated. If they are nearer to the leeward than to the 
windward side of a stream, during a wind or rain storm, they, 
generally, move to the former side. Frequently, they crawled 
from the surface-film onto these objects, many of them moving 
into crevices. Sometimes, they congregated by the hundred in 
such situations as have been mentioned, their bodies being 
in close contact with the substrata. Evidently, these responses 
are due to the thigmotactic proclivities of the animals. After 
the abatement of a storm, they again moved onto the surface- 
film. Some, promptly, “sought” the surface of the water, 
others after a few minutes delay, while still others did not reach 
the water-surface for a half an hour after the storm had ceased. 
Many of those that moved onto the surface-film last came from 
depressions and interstices in the substrata. Probably, they 
were influenced more strongly by contact stimuli than was 
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the case of the other gerrids. Contact stimulation plays a 
definite part in such responses, exerting an influence to bring 
the gerrids to rest against solid bodies and also in keeping them 
in such situations for considerable periods of time. 

Gerris remigis readily responds to photic stimuli of various 
intensities. Frequently, on cloudless days, at a temperature 
of 100° F., they are not found on the open, unshaded surfaces 
of streams. They congregate in the shade of the banks, 
rocks, trees, and other vegetation. However, this may be 
partially due to responses to temperature and may not be due 
entirely to negative responses to strong sunlight. 

In laboratory aquaria, they are found to be, on certain 
occasions at least, negatively phototactic to sunlight. They 
move, either to the ends of the aquaria farthest from the beams 
of sunlight, or else they simply stride out of the sunlight into 
the more shaded regions of the aquaria. 

The majority of these gerrids are positively phototactic 
to electric light of 44 ca. m. within the field of experimentation. 
In an aquarium, when fifty individuals were used, they orient 
with their heads pointing toward the source of illumination, 
thus having the longitudinal axes of their bodies parallel with 
many of the entering rays. Then, they stride to the positive 
end of the vessel. When the light is changed to the opposite 
end of the aquarium, the gerrids respond again by moving 
toward the source of illumination. All of them do not orient 
to the light with equal promptness. Some delay for several 
seconds before completing this response. None appeared to 
be entirely indifferent to the light. A few individuals moved 
only two or three inches toward the source of illumination. A 
few others evinced movements of the antennm, legs and bodies. 
Sometimes, there were one or two alate individuals among those 
subjected to photic stimulation, but none of them flew toward 
the light. 

Water-striders respond positively to the stimuli of an 
electric light of 22 ca. m. in the field of experimentation. Their 
behavior with respect to light of this intensity is much the same 
as that described for a light of 44 ca. m. in the field of experi- 
mentation. The chief differences of importance are that the 
gerrids neither orient quite so promptly to, nor do they move so 
readily toward the light of lesser intensity. 
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Gerris remigis responds positively to an oscillating electnc 
light of 44 ca. m. in the experimental field. The light oscillated 
in a plane parallel to the end of the aquarium containing the 
gerrids. Thirty water-striders were used in the experiments, 
the majority of them orienting with their heads pointed toward 
the oscillating light and also moving promptly to the positive 
end of the aquarium. They appear to orient to and also to 
move toward the source of illumination more promptly than 
was the case with respect to the stationary light of a similar 
intensity. Before reaching the positive end of the aquarium, 
their path becomes oblique to the longitudinal axis of the 
vessel, this being due, apparently, to the oscillations of the 
light. On nearing the lighter end of the aquarium, there 
appears to be some indecision” as to their direction of move- 
ment. There are some attempts to follow the swinging light, 
but, in the main, many of them make only slight changes in 
position, after reaching this end of the vessel. Some remain 
practically stationary, in so far as locomotion is concerned, 
being engaged in cleaning responses. Others move close to the 
glass end of the aquarium and attempt both to orient to and 
also to follow the light. 

The responses of water-striders to an oscillating electric 
light of approximately 22 ca. m. in the field of experimentation, 
in general, are very similar to those described in the experiments 
when the stronger light was employed. Twenty gerrids were 
used in the experiments. Their responses to the source of 
illumination are positive, but there -is neither quite the same 
promptness in orienting to, nor in moving toward the light as 
was the case in the experimental work with the light of greater 
intensity. After nearing the positive end of the aquarium, 
while their responses are much the same as in the former 
experiments, with the electric light of stronger illumination, 
yet in general the responses are rather less definite and precise. 

A number of experiments were conducted with a moving, 
but non-oscillating, electric light of 44 ca. m. in the experimentval 
field. Forty gerrids were used in the experiments and they 
readily move around the aquarium in which they are confined, 
in response to a moving light. They either follow just behind 
the light or else retain positions almost parallel to it. However, 
these positions vary, for there is not much regularity about this 
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phase of their responses. They readily follow the light 
whether it is moved around the aquarium from left to right, or 
vice versa. If the light is moved about above the gerrids, 
tliey tend to keep in the illuminated region. They display 
much promptness in their responses to the moving light and 
these apparently are always positive. 

The gemds respond to a moving electric light of half the 
intensity^ of the one recently mentioned. Their behavior is 
\ery similar to that described when the source of illumination 
is 44 ca. m. The chief difference is that the responses are not 
quite so prompt as in the case with the light of greater intensity. 

3. Conclusion. 

It is evident that responses to contact and to photic stimula- 
tion play an important role in the daily lives of these water- 
striders. Such responses appear to form very definite elements 
in their general behavior. Many of the normal habitat activi- 
ties, undoubtedly, are due to the thigmotactic and phototactic 
propensities of these animals. If such forms of .stimulation 
were eliminated from their environment, the result would be a 
marked modification in the whole general behavior of the 
species. It is not improbable that the responses of Gerris 
remigis to contact and to light stimuli may have had some 
influence on the development of certain of the phases of behavior 
discussed in this paper, perhaps in a manner somewhat 
analogous to that pointed out by Holmes (1903) in his discussion 
of the relation of thigmotaxivS to the evolution of the death- 
feigning instinct. 


V. ACKNOWLEDGMENTS, 

Herewith certain acknowledgments are made to various 
persons who have rendered assistance to me, either directly 
or indirectly, while accumulating the information necessary 
for the preparation of this paper. 

Thanks are due to the following: Mr. T. L, Hankinson, 
ichthyologist of the Roosevelt Wild Life Forest Experimeht 
Station, the New York State College of Forestry at Syracuse 
University, for the loan of the photograph from which Fig. 4 
was made and also for general suggestions; Mrs. E. L.. 



288 Annals Entomological Society of America [Vol. XI 

Beutenmuller, artist, New York City, for preparing the draw- 
ings from which Figs. 1 and 11 were made; Mr. C. A, Lloyde. 
photographer, Champaign, Illinois, and Mr. H. C. Cheno- 
weth, Urbana, Illinois, for assistance while taking photographs 
in the field. A similar photograph, from which the plate was 
made to reproduce Pig. 5, was used to make a plate for an 
illustration originally printed in the American Naturalist, Vol. 
LIII, p. 480. 

Certain financial aid and a university fellowship in zoology 
were placed at my disposal by the Graduate School of the 
University of Illinois. These were of assistance to liie in the 
accumulation of data which, indirectly, have been helpful in 
the preparation of this paper. In this connection, recognition 
is due to President David Kinley, formerly dean of the Graduate 
School and to Dr. Henry B. Ward, professor of zoology. 


VI. BIBLIOGRAPHY. 

Cole, L. J. 1907. An Experimental Study of the Image-Forming Powers of 
Various Types of Eyes. Proc. Amer. Acad. Arts and Sci., Vol. XLII, 
pp. 335-417. 

CoMSToe^K, J. H., AND CoMSTOCK, A. B. 1895. A Manual of the Study of Insects. 
(4th ed.; Ithaca, New York: Comstock Publishing Co., 1901). Pp. x + 701; 
pi. 1; figs. 797. 

Essenberg, C. 1915. The. Habits and Natural History of the Backswimmer^ 
Notonectidse. Jour. Animal Behavior, Vol. V, pp. 381-390. 

1915a. The Habits of the Water-Strider Gerris Remigis [Orba]. Jour. 
Animal Behavior, Vol. V, pp. 397-402. 

Holmes, S. J. 1901. Phototaxis in the Amphipoda. Amer. Jour. Physiol., 
Vol. V, pp. 211-234. 

1903. Death- Feigning in Terrestrial Amphipods. Biol. Bull., Vol. IV, 
pp. 191-196. 

1905. The Reactions of Ranatra to Light. Jour. Comp. Neurol, and Psychol., 
Vol. XV, pp. 305-349. 

1906. Death-Feigning in Ranatra. Jour. Comp. Neurol, and Psychol., Vol. 
XV, pp. 200-216. 

1907. Observations on the Young of Ranatra Quadridentata Stal. Biol. 
Bull., Vol. XII, pp. 158-164. 

Hungerford, H. B, 1919. The Biology and Ecology of Aquatic and Semiaquatic 
Hemiptera. Bull. Univ. of Kan., Vol. XXI; Sci. Bull, Vol. XI, pp. 
1-328; pis. 33. 

Jennings, H. S. 1904. Contributions to the Study of the Behavior of Lower 
‘ Organisms. (Publication No. 16; Washington, D. C.: Carnegie Institu- 
tion.) Pp. 256; figs. 81. 

1906. Behavior of the Lower Organisms. (Reprinted; New York: Columbia 
University Press, 1915). Pp. xiv -p 366; figs. 144. 

.Kellogg, V, L. 1908, American Insects, (2d ed., revised; New York: Henry 
Holt and Co.) Pp. xiv -p 694; pis, 13; figs. 812. 



1021 ] 


Riley: Responses of Water-Sirider 


289 


Kirkaldy, G. W. 1899. A Guide to the Study of British Waterbugs (Aauatic 
Rhynchota). Entomologist, Vol XXXII, pp. 108415. 

1899a. A Guide to the Study of British WaterbuRS (Aquatic Rhvnchotal 
Entomologist, Vol. XXXII, pp. 151-154. ^ 

Mast, S. O. 1911. Light and the Behavior of Organisms. (New York: John Wilev 
and Sons). Pp. xi d- 410; figs. 35. 


McCook, H. C. 1907. Nature’s Craftsmen: Popular Studies of Ants and Other 
Insects. (New York: Harper and Bros.) Pp. xii + 317; pi. 1, figs. 103. 

Parshley, H. M. 1917. Insects in Ocean Drift. I. Hemiptera-Heteroptcra. 
Can. Entom., Vol. XLIX, pp, 45-48. 

Pearl, R. 1903. The Movements and Reactions of Fresh-water Planarians: a 
Study in Animal Behavior, Quar. Jour. Micros. Sci., Vol. XLVl, 
pp. 509-714. 


Riley, C. F. C. 1912. Observations on the Ecology of Dragon-Fly Nymphs; 
Reactions to Light and Contact. Ann. Entom. Soc. Amer., Vol. V, 
pp. 273-292. 

1919. Some Habitat Responses of the Large Watcr-Stridcr, Gerris Remigis 
Say. Amer. Nat., Vol, LI II, pp. 394-414. 

1919a, Some Habitat Responses of the Large Water-Strider, Gerris Remigis 
Say. II. Amer. Nat., Vol. LI II, pp. 483-505. 

1920. Some Habitat Responses of the Large Water-Strider, Gerris Remigis 
Say. III. Amer. Nat., Vol. LIV, pp. 68-83. 

1920a. Migratory Responses of Water-Striders During Severe Droughts. 
Bull. Brooklyn Entom. Soc., Vol. XV, pp. 140. 


Severin, H. H. P., and Severin, H. C. 1911. An Experimental Study of the 
Death- Feigning of Belostoma { — Zaitha Aucct.) flumineum Say and Nepa 
apiculata Uhler. (Cambridge, Mass.: Henry Holt and Co.) Behavior 
Monographs, Vol. I, No. 3, pp. 47; pi. 1. 

1911a. Habits of Belostoma (= Zaitha) flumineum Say and Nepa apiculata 
Uhler, with Observations on other Closely Related Aquatic Hemiptera. 
Jour. New York Entom. Soc., Vol. XIX, pp. 99-108. 

DE LA Torre-Bueno, J. R. 1911. The Gerrids of the Atlantic States (Subfamily 
Gerrinee). Trans. Amer. Entom. Soc., Vol. XXXVII, pp. 243-252. 

1914. Phototropism in Heteroptera. Bull. Brooklyn Entom. Soc., Vol. IX, 
pp. 90-96. 

1917. Life-History and Habits of the Larger Waterstrider, Gerris Remigis 
Say (Hem.). Entom. News, Vol. XXVIIT, pp. 201-208. 

1917a. Life History and Habits of the Margined Water Strider, Gerris margi- 
natus Say (Hem., Het.). Entom. News, Vol. XXVIII, pp. 295-301. 

1920. Remarks on Heteroptera in Beach Drift. Bull. Brooklyn Entom. Soc., 
Vol. XV, pp. 142-145. 

Uhler, P. R. 1884. The Standard Natural History, Vol, II. (Edited by J. S. 
Kingsley; Boston: S. E. Cassino and Co.) Order VJ, — Hemiptera, pp. 
204-296; pi. 1, figs. 55. 

Weiss, H. B. 1914. Notes on the Positive Hydrotropism of Gerris Marginalus 
Say and Dineutes Assimilis Aube. Can. Entom., Vol. XLVI, pp. 33-34. 



ON THE MORPHOLOGY OF THE OVIPOSITOR OF 
CERTAIN ANTHOMYIAN GENERA* 

Hugh C. Huckett. 

CONTENTS. 


Introduction i 290 

Plate Illustrating Structural Terms 291 

Technique 291 

General Morphology of the Ovipositor 292 

List of Species 29o 

Description of Ovipositors 200 

Genus Chortopliila 200 

Genus Hylcmyia * 307 

Genus Pegomyia 312 

Key 317 

References., 319 

List of Plates 320 


Introduction. 

This difficult family of flies has caused not only the sys- 
tematist but also the economic entomologist no little mis- 
apprehension due to the unsatisfactory conception of existing 
taxonomic characters. The generic definitions are also ambig- 
uous and are at present undergoing a thorough revision. This is 
especially true of the three genera Ckortophila Macquart, 
Hylemyia Desvoidy, and Pegomyia Desvoidy. The male 
species have been studied with a certain amount of detail and 
success, but the females have been neglected and owing to their 
peculiar characters are not capable of being classified according 
to male specimens. Stein (Archiv fur Naturgeschichte 1914, 
viii: 4-55) has formulated a key for the determination of 
European female species and the paper has been largely used 
for the determination of the American species dealt with in the 
following pages. 

The unsatisfactory nature, however, of such a position 
lead the writer to undertake the morphological study of the 
ovipositors of certain species of the above named genera in 
the hope that it would at least aid in determining without further 
doubt the identity of any female specimen. 

The material for study was furnished by the Cornell Uni- 
versity Collection, Dr. 0. A. Johannsen’s own collection and 
the author’s specimens caught at Burlington, Ontario, and 

* Since this paper was prepared for publication, Malloch has introduced a 
'new concept of the genera mentioned herewith. 
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around Ithaca. In the determination of specimens use has 
been made- of Stein’s keys to the females of European Anth- 
omyidae and the determined material in the above private 
collections. 

The writer wishes to acknowledge the advice and help 
received from Dr. 0. A. Johannsen in the determination of 
species and in. the loan of the above collections without which 
the work would have been impossible. 

Oy/FOSITOR (ht^pof/ief/co/j 
///ustroFrrp sfrucfura/ terms 



Technique: 

The technicpe was of the simplest. The abdomen was 
transected in the region of the third abdommal -gme-rt ^h 
dissecting scissors, The excised portion was then placed 
10 per cent solution of potassium hydroxide and left to soak 
until cleared. This time varied with different specimens fron 
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four hours to six days. Prior to removing the specimen from 
the solution the ovipositor was distended by lightly placing 
a blunt dissecting needle on the exposed portion of the ninth 
segment and with forceps or another needle gradually drawing 
away the excised portion of the abdomen from the point of 
attachment. This pulled out the ovipositor in a telescopic 
manner and allowed it a better opportunity of clearing. After 
thoroughly washing in water the ovipositors were placed in 50 
per cent alcohol and run through the successive grades to 70 
per cent, at which they were preserved for drawing and examina- 
tion under the low powers of the microscope. For examination 
under high power, slides were prepared by continuing the 
dehydration of the ovipositors through successive grades to 
absolute alcohol, thence passed through xylene, and finally 
mounted in 50 per cent xylene, 50 per cent Canada balsam 
mixture, directly under a coverslip and within an xylonite ring. 

Drawings were made from the preserved specimens and 
prepared slides with the aid of a micrometer eye piece and 
squared graph paper. No attempt was made to show the 
relative sizes of the ovipositors, but only the proportional 
composition of each. 

General Morphology of the Ovipositor. 

The ovipositor represents the terminal segments of the 
abdomen, namely six to nine. They are modified for the 
purpose of conveying the egg to its destination during ovi- 
position. On account of this peculiar function the abdominal 
sclerites and membranes have become altered so that they no 
longer resemble in general appearance the anterior segments, 
namely, numbers two to five, but are diminished in size to form 
a tubular structure, neatly telescoped within itself and which, 
when at rest, come to lie within the fifth abdominal segment. 

Berlese (Rivista de Patologie Vegetale, 1902, ix:345-354) in 
his observations on the copulation of the house fly, claims that 
the ovipositor also functions as the active organ in securing 
fertilization, the male organs being the meanwhile conspicuously 
inactive. Since the structure of the ovipositor and the male 
genitalia of Musca domestica Linn., and the following Anth- 
omyian flies are essentially alike, especially with regards 
vestiture, it is not improbable that an additional function 
exists here also. 
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The segments of the ovipositor are alternated by a well 
developed membrane known as the intersegments. The func- 
tion of the latter is to provide a membranous sheath for the 
folding up of the segments and to increase the range of the 
ovipositor when necessary. The intersegments may be smooth, 
without vestiture, as in Pegomyia affinis Stein, Hylemyia lipsia 
Wlk., and Chortophila longula Fallen, or covered with minute 
spines, partially or wholly. These recurrent spinules are some- 
times arranged in transverse stri®, or as broad, imbricated 
spinules in no definite order, as in Chortophila parva R-D. 
caerulescens Strobl. and cinerella Fall. These spinules, although 
they appear to be limited to definite areas, yet frequently are 
to be found on adjacent membranes and sclerites, there being 
no definite demarkation. The annulations of the segments 
can, however, be always determined. 

Intersegment nine is considerably reduced in size and dis- 
similar in form to the three preceding membranes. It functions 
as an attachment for the modified ninth segment (suranal and 
subanal plates) to the caudal margin of the eighth segment, as 
well as serving in a telescopic manner for the inclusion of the 
ninth segment when the ovipositor is retracted. Further the 
ligaments of the cerci are associated with the ninth inter- 
segment. 

The segments represent chitinized areas that are unstable 
both in delineation and degree of chitinization. Though 
functioning primarily as a strengthening device for the rigidity 
of the ovipositor, it undergoes changes in structure to provide 
elasticity and collapsability. Thus the dorsal plate (tergum) is 
frequently composed of two lateral pieces that are more heavily 
chitinized caudad than cephalad, and whose margins blend 
imperceptably into a mid-dorsal membranous area known 
as the discal area, or into the lateral conjunctivae, ventrad* 
Degrees of chitinization, varying from a complete dorsal 
encasement, as in the abdomen proper, to vestiges of chitinous 
thickenings in the membrane, have been found in a series of the 
same species. This is thought to depend upon the age of the 
adult, degree of development, condition of pupation, etc., so 
that it is deemed inadvisable to put much credence in its 
taxonomic value.* The caudal margin of each tergum is 

* The peculiar outline of the chitinous thickenings on segment eight in Chor- 
tophila hrassiem Bche, and antiqm Meig, have been so constant in the specimens 
under examination that it has been thought fit to make an exception of this case' 
and to include this character in the key. 
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surrounded by a row of setae which in most cases is limited by 
the extent of the chitinization. In specific eases, short, hook- 
like setae or stout spines replace the normal bristles. In seg- 
ment six the posterior angles of the tergum possess two spiracles, 
orifices of a common trachea. On account of their position 
they are conveniently designated as the anterior and posterior 
spiracles. In segment six and seven the posterior angles 
of the tergum may become accentuated by a thinning of the 
chitin across those regions and the isolation of ehitinous areas 
bearing numerous setas. In such eases these areas have been 
designated as the accessory pieces. 

The ventral plate (sternum) likewise varies in degree of 
chitinization, though not to the extent of the tergum. In 
segments six and seven the sternum usually consists of a long 
strip of chitin that tends to become indeterminate eephalad, 
sometimes this' plate is limited to areas adjoining the caudal 
margin. The setas border the' caudal margin of the sternum in 
a row or are separated into two lateral groups. Similarly 
they' are too^ replaced by stiff stout spines in certain cases. 
In segment eight the* sternum is divided into two ehitinous 
halves, more or less bilaterally symmetrical and known as the 
sternites. In general structure they present a hingelike appear- 
ance, overlapping the junction of the fourth intersegment with 
the conjunctiva of the eighth segment. In Chortophila cinerella 
Fall, and parm R-D, the sternites attain the whole length of the 
segment as two narrow rods of chitin. The setae are to be 
found toward the caudal extremity’, scattered irregularly, 
among which are often' two of greater' size and strength. 

The lateral conjunctivas of segments six, seven and eight 
are situated in a similar position to that of the segments of the' 
abdomen, i. e., it consists of that part of the less Chitinized 
cuticula, which is found between the sternum and tergum. 
Similar to the intersegments the conjunctivae may be smooth of 
spinulose, or partly smooth, partly Spinulbse. The spinules 
may be arranged in indefinite transverse striae or scattered 
irregularly throughout the membrane. The cephalic* and 
caudal extents of the conjunctivse are limited by the annulations 
of the segments'. 

Segment nine' is* modified to form’ the upper and lower lips of 
the anus The tergum or upper lip is composed of a single 
ehitinous piece, hemispherical or scoopsftaped, which is known 
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as the suranal plate, It bears two strong setae and a few spine- 
like setulae. The sternum or lower lip is larger usually than the 
stiranal plate and is composed of but one chitinous piece which 
is spade-shaped or broadly deltoid in outline. This sclerite is 
known as the subanal plate. Its surface is usually spinulose, 
rarely glabrous, and is clothed with numerous setulse. At the 
a])ex and along the margins are to be found two pairs of strong 
setse. 

The cerci* * * § are two subcylindrical anal appendages emerging 
from beneath and beside the suranal plate. They are composed 
of a distal half, which is club-shaped or knob-like, and a 
proximal half, which forms a stem for attachment and is termed 
the petiole. Sometimes the cerci are sessile, plate-like or 
pubescent. The apex of each club bears one to three long 
setiform hairs and two or more setiferous sense organs, haul- 
sinnesorgane. The latter are tubercular in form, each of which 
is armed with a short, sharp spine at the apex, or is large and 
disc-like, from the center of which emerges a fine hair-like 
papilla. The remaining surface of the cerci is clothed with 
numerous stout setulae. 


LIST OF SPECIES. 


Genus Chortophila Macquart. 
C. antiqua Meigen. 

C. brassicae Bouche. 

C. caerulescens Strobl. f 
C. candens Zetterstedt.J 
C. cili crura Rondani. 

C. cinerella Fallen. 

C. dissecta Meigen. t 
C. fugax Meigen. t ^ 

C. grisella Rondani. f 
C. laevis Stein. § 

C. longula Fallen.! 

C. muscaria Meigen. 

C. Hilda Strobl. t 
C. parva Desvoidy. 

C. rubivora Coquillett. 

C. substriata Stein. 


Genus Hylcmyia Desvoidy. 

H. aemene Walker. 

H. alcathoe Walker. 

H. coarctata Fallen.! 

H. flavicans Stein. 

H. fiavipennis Fallen.! 

H. juvenilis Stein. 

H. lipsia Walker. 

H. setiventris Stein. 

H. strigosa var. nigrimana 
Fabricius.t 
H. variata Fallen. 

Genus Pegomyia Desvoidy. 

P. afbnis Stein. 

P. calvptrata ZettersU'dt. 

P. hyoscN^ami Panzer. 

P. trilineata Stein. 

P. trivittata Stein. 

P. uni color Stein. 

P. winthemi Meigen. 


* The term cerci has been chosen from a number of names given by authors as. 
least likely to produce confusion. On the other hand there appears to 
doubt but that these anal appendages are tactile and not prehensile ^tion 
and fnr thp sake of exolicitness and accuracy would better be designated as anal 


palpi. 

t See note under Description of ovipositors, 
t European specimens. 

§ Specimen closely resembles laevis Stein. 
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Description of Ovipositors. 

An asterisk qualifying the name of a species signifies that the specimen 
keys out to that species in Stein’s key (1914) to the females of Europcun 
Anthomyidee. 


Genus Chortophila Macquart, 

Chortophila antiqua Meigen, 

Segments and intersegments of equal length, sclerites glabrous, 
except the subanal plate which is spinulose. Intersegments one, two, 
and three spinulose, fourth smooth. 

Segment VI. Tergum in structme and character similar to cilicrura, 
usually -more heavily chitinized, the discal area appearing yellowish; 
accessory pieces present; marginals diverse, in an irregular row; spir- 
acles approximate, barely the width of the sternum ^part, in the same 
straight linef, posterior spiracles cephalad of the accessory pieces. 
Sternum somewhat pegshaped, the cephalic half narrowed to a blunt 
point which attains the cephalic margin; setae grouped apart around 
the caudal margin; conjimctiva smooth, with chitinous thickenings. 

Segment VIL The tergum similar to that of segment VI, the 
tergites less chitinized; accessory pieces present. Sternum lanceolate, 
tapering to a blunt point on the cephalic margin, flaring caudad; mar- 
ginals distributed in a broad semicircle along the caudal border; 
conjunctiva as in segment VI. 

Segment VIIL Tergum divided bilaterally, the tergites strongly 
chitinized along the caudal margin of the segment as in cilicrura; the 
sclerites proce^ dorsocephalad as undulating plates, scarcely attaining 
the cephalic margin; marginals diverse, more niimerous than in cili- 
crura, regular|. Sternum composed of two ovoid sclerites, but one-half 
the length of the segment; setae diverse, scattered caudad; conjunctiva 
smooth, studded with chitinous knobs. 

Segment IX. Suranal plate scoop-shaped ; setae less than the width 
of the club apart; subanal plate spinulose, spade-shaped to triangular; 
setae long, fine, hairlike, bounding the apical third of the sclerite, setulte 
diverse; cerci glabrous, club compact, petiole short; setae composed of 
one long apical and three or four shorter, besides long spinelike setula:. 

Chortophila brassicae Bouch6. 

Segments and intersegments of equal length, sclerites glabrous 
except the subanal plate which is spinulose. Intersegments spinulost' 
except for the fourth whose ventral surface is smooth. 

Segment VI . Tergum divided bilaterally, the tergites border the 
caudal and cephalic margins, in the former case the sclerites tend to 
fuse across the mid dorsal line, ventral and dorsal margins indeter- 
minate ; discal area slightly chitinized blending imperceptibly with the 


t As opposed to oblique. 
t Regular -In a single row. 
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adjuiiiing sclerites; accessory pieces absent; marginals diverse, regular; 
spiracles approximate, the width of the sternum apart, oblique, f 
pcjsierior spiracles cephalad of the caudal margin. Sternum lanceolate, 
tapering to both margins; marginals approximating, in pairs; con- 
junctiva smdoth, ornamented with rough chitinous thickenings. 

Segment VII. Similar to sclent VI in structure, the tergites less 
extensive along the margins; discal area well marked, roughened by 
chitinous thickenings; marginals diverse, regular; accessory pieces 
absent. Sternum lanceolate, tapering cephalad, rounded caudad; mar- 
ginals approximate; conjunctiva, smooth, chitinized. 

Segment VIII. Tergum divided bilaterally into two irregular plates 
somewhat similar to those of the corresponding segment in antiqua 
except that the dorsal surface of the lateral plates becomes more 
markedly sinuous giving the discal area a decided constriction at the 
middle; marginals short, regular, with strong lateral setse. Sternum 
similar in structure and character to that of antiqua sets distributed 
over the entire surface, two strong, remainder short spinelike; con- 
junctiva smooth, chitinized. 

Segment IX. Suranal plate scoop-shaped; setae barely the width of 
the club apart, setulae few; subanal plate spinulose, spade-shaped to 
conical, setae apart, a fringe of setulae around the margin, surface cov- 
ered with short spinelike setae; cerci smooth, petiolate, conical to sub- 
cylindrical; apicals long, setae diverse, long, fine, more abundant than 
in cilicrura or antiqua^ clothing the club and petiole; sense organs two, 
apical, papiUae short. 

Chortophila cserulescens Strobh* 

Segments and intersegments of equal length, sclerites glabrous 
except for the subanal plate which is spinulose. Intersegments spinulose, 
each successive membrane from the first to the third becoming more 
densely spined; spinules broad at their bases giving the appearance 
on the third intersegment of being clothed with scales, similar to cinerella 
and pana. 

Segment VI. Tergum composed of two lateral plates each shaped 
like an inverted “ L,” somewhat flaring along the caudal margin, tapering 
cephalad; accessory pieces present, distinct; marginals few, two or 
three, equal, J distributed dorsad; discal area hyaline, membranous, 
occupying the greater part of the tergal region; spiracles closely approx- 
imate, directly cephalad of the accessory pieces, posterior spiracles of 
greater diameter than the anterior and situated slightly oblique, Ster- 
num much reduced, a small quadrangular sclerite adjacent to the caudal 
margin, pointed cephalad; marginals separated into two lateral groups 
of a few setae each; conjunctiva smooth, hyaline. 

Segment VI I . Tergrnn composed of two narrow lateral tergites 
whose form is maintained undiminished to the cephalic margin, caudad' 
the ventral borders are rounded off so that the marginal plates are lim- 

t Oblique = Spiracles placed at an angle to the longitudinal axis of the insect. 

f Equal=The same in size and length. 
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ited to a short dorsal curve; accessory pieces present, distinct; marj^iiials 
few, similar in distribution to segment VI ; discal area hyaline. Sterniiiti 
much reduced, funnel form; marginals separated into two lateral groups 
of a few setse each, usually two; conjunctiva smooth, hyaline. 

Segment VIII. Tergum composed of two lateral plates whr^ 
caudal expansions fuse across the mid-dorsal line and extend s\\<rhx]y 
ventrad; cephalad the tergites approximate slightly; discal area smocjih 
hyaline; marginals equal, regular, sparsely distributed. Sternum com- 
posed of two heavily chitinized, lanceolate plates, attaining three- 
quarters the length of the segment, similar to cilicrura; setae few dis- 
tributed on the apical area; conjunctiva smooth, hyaline. 

Segment IX. Suranal plate scoop-shaped; setae short and stout, 
wide apart, equal to the breadth of a club; setulse few: subanal plate 
spinulose, bell-shaped; setse limited to the apical region; setulre 
numerous, equal, short and thomlike, distributed over the inner surface, 
the outer margin being bare; cerci glabrous, knoblike, short petiole’; 
setae few, sparesly distributed, apicals short, one per club; sensory 
organs two, contiguous, situated at the apex, domelike. 

Chortophila candens Zetterstedt.j 

Segments slightly ^longer than the interse^ents, broader than 
long, more heavily chitinized along the cephalic than on the caudal 
margins; sclerites glabrous, except the subanal plate which is spinulose. 
Intersegments spinulose except the fourth which is smooth. 

Segment VI. Tergum composed of two broad quadrangular lateral 
plates, dorsal and ventral borders indefinite; discal area lightly chitin- 
ized, blending imperceptibly with the lateral plates, widely separating 
the tergites for the most part; accessory pieces present; marginals 
diverse, numerous, closely distributed along the caudal margin of the 
segment; spiracles oblique, separated by the caudal margin of the 
segment, the posterior spiracles opening on the second intersegment, 
Sternum vasiform, heavily chitinized cephalic half, lightly chitinized 
caudal half; marginals approximate, bordering the caudal margin; 
conjunctiva spinulose. 

Segment VII. Ter^m similar in character and structure to segment 
VI, except that the spiracles and accessory pieces are absent; marginals 
numerous, closely distributed, discal area thinly chitinized. Sternum 
lanceolate, the borders indeterminate; marginals bordering the caudal 
margin; conjunctiva spinulose, indistinctly striated. 

Segment VI 11. Tergum composed of two quadrangular lateral 
plates, the caudal margin oblique, constricting the ventral borders to 
but one-half the length of the segment, cephalic margins strongly 
chitinized, approximating dorsad so as to enclose the discal area ; discal 
area thinly chitinized, imperceptibly blending into the lateral plates; 
marginals equal, closely distributed along the caudal margin of the 
segment, a group of strong setae situated at the caudo-ventral angles of 
the tergum. Sternum composed of two short ovoid stemites on which 
are distributed numerous stout heavy spines; conjunctiva smooth. 


t European specimen. 
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Segment IX. Suranal plate scoop-shaped, the basal angles narrowly 
produced ventrad; armed with four strong curved spines; subanal 
plate fanshaped; setae long, hairlike; setulae dense, fine and hairlike, at 
the basal angles are found a group of fine, strong bristles; cerci glabrous, 
modified into a pair of thin chitinous plates that border the lateral 
regions of the anus and closely articulate with the concave margins of 
the suranal plate; each is armed with two heavy upeurving apical 
spines in addition to numerous shorter spines of a similar nature, a few 
long, fine hairs on the apical region inters])erse(l amongst the spines. 


Chortophila cilicrura Rondani. 

Segments and intersegments of equal length, sclerites glabrous, 
except the subanal plate which is spinulose. Intersegments spinulosc, 
(ienselv striated. 

Segment VI. Tergum divided bilaterally; the caudal and cephalic 
boundaries of the tergites concur with the margins of the segment, the 
dorsal border merges into a semi-opaque discal area, which is s]X)tted 
with chitinous thickenings; _ accessor}^ pieces present; marginals few. 
diverse, regular; spiracles wider apart than the breadth of the sternum, 
slightly oblique, posterior spiracles bordering the caudal margin. 
Sternum, a narrow mid-ventral plate reaching both margins of the seg- 
ment, flaring slightly caudad, tapering cephalad; marginals continued 
along the lateral margins; conjunctiva spinulose, densely striated. 

Segment VII. Similar in structure and character to segment \1; 
marginal plates of the tergites somewhat constricted caudad; sternal 
marginals separated into two lateral groups. 

Segment VIII. Tergum divided bilaterally; marginal plates strongly 
chitinized, which extend as lateral plates dorsocephalad thereby con- 
stricting the cephalic extent of the discal area. The latter is marked 
by chitinous thickenings; marginals diverse, regular. Stenium composed 
of two elongate sternites, but two-thirds the length of the segmen , 
set* spine-like, scattered about the caudal areas; conjunctiva smooth, 
throughout ornamented bv knoblike thickenings of chitin. 

Segment IX. Suranal plate scoopshaped; set* the width of the 
club apart; subanal plate spinulose, spade-shaped, selai normal;! 
setul* sparsely distributed; cerci glabrous, club or cone-saapwl,^ petio- 
late; set* composed of one long apical and two shorter, besides a few 
setul* scattered on the club and petiole. 


Chortophila cinerella Fallen. 

Segments and intersegments of equal length, sclentes glabrous 
except the subanal plate which is spinulose. Intersegments spinulose, 
covered with broad, straight spinules that give the membranes the_ 
appearance of being clothed with scales. , , . „ 

^ Segment VI. Tergum composed of two broad lateral plates, crescent- 
shaped, separated by a wide hyaline discal area; accessory pieces pres- 


t Normal = Sets consisting of an apkal pair approximate, and a preapical 
pair, wide apart, situated on the margins. 
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ent; marginals few; spiracles contiguous, slightly oblique, din tlv 
cephalad of the accessory pieces. Sternum reduced to two round ( hit- 
inous areas that have fused and lie adjacent to the caudal marcdr: of 
the segment; marginals wide apart, arranged into two groups; con- 
junctiva hyaline, transparent. 

Segment VIL Tergum composed of two narrow chitinous strips 
flaring caudad and extending the length of the segment along ihe 
subdorsal axes; discal area hyaline; accessory pieces present; mar- 
ginals few and stout. Sternum, similar in structure to segment \’I 
pointed cephalad; marginals widely separated into two groups; crin’ 
junctiva hyaline. 

Segment VIII. Tergum similar in structure to that of segment \dl; 
the tergites broaden more noticeably <^udad; marginals more numerous; 
discal area hyaline transparent, the sides of the segment clothed for ihe 
greater part with scalelike spinules. Sternum composed of two narrow 
stemites, oar-shaped, subparallel, extending along the subventral axes 
for the length of the segment; setae two; conjunctiva hyaline. 

Segment IX. Suranal plate hemispherical; setae stout, setulae few; 
subanal plate spinulose, spade-shaped, setae normal; setulae sparsely 
distributed; cerci small, glabrous, Imoblike; set^ consist of one strong 
apical seta, setulae spinelike^ 

Chortophila dissecta Meigen.* 

Segments slightly longer than the intersegments, breadth exceeds 
length. Intersegments; vestiture not uniform, first intersegment spin- 
ulose, second and third the ventral surface spinulose with narrow dorsal 
stripes along the cephalic margins, fourth intersegment spinulose on the 
ventral surface, smooth dorsal region. 

Segment VL Tergum spinulose, composed of two broad enveloping 
plates that are linked together across the mid-dorsal line by a thinly 
chitinized discal area; accessory pieces present; marginals diverse, 
arranged in an irregular row; spiracles, the wddth of the accessory piece 
apart, oblique, posterior spiracles close to the caudal margin of the seg- 
ment. Sternum spinulose, expansive, whose margins are indeterminate, 
gradually fading into the surrounding membrane; marginals diverse, 
scattered about the caudal border; conjunctiva spinulose. 

Segment VII. Tergum glabrous, divided into two lateral plates, 
each extensively bordering the caudal margin, almost fusing across the 
mid-dorsal line, thence forward gradually tapering to a rounded apex, 
not quite reaching the cephalic margin of the segment; discal area 
hyaline, smooth, widely separating the tergites cephalad; accessoiv 
pieces present; marginals diverse arranged in an irregular, row, Sternum 
spinulose, a short, indeterminate plate; marginals in a transverse row; 
conjunctiva spinulose, on the mid- ventral line adjacent to the cephalic 
margin is found a small chitinous thickening bearingvtwo stout spinules. 

Segment VIII. Tergum glabrous, composed of two lateral pieces 
whose caudal margins have fused dorsad to form a marginal plate, the 
tergites extend dorsocephalad toward the cephalic margin, bordering 
a smooth, hyaline discal area; marginals diverse, in an irregular row. 
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Sicrniun glabrous, ovoid, pointed caudad; seta,^ diverse, few, distributed 
,v/er the sclerites; conjunctiva smooth, hyaline. 

Segment IX. Suranal plate glabrous, scooi>shapod; seta^ a])prox- 
imate, less than the width of the club apart, long, exceeding by twice 
rhe length of the plate, few setulsc; subanal plate spinulose, si)ade- 
shaped; marginals long, setula? sparsely distributed; cerci sparsely 
spinulose, conical to subcylindrical, petiolate, settc consist of three long 
apicals and munerous bristlclikc setulte distributed on the petiole and 
club; sense organs, tubercular, situated laterad. 

Chortophila fugax Meigen, and substriata Stein. 

Segments longer than the intersegments, breadth exceeds length. 
Intersegments spinulose. 

Segment VI. Tergum glabrous, completely chitinized. encasing tlie 
whole region, ventral margins protruding; marginals few, diverse, 
unevenly distributed, continuing along the ventral margin; accessory 
pieces absent; spiracles the width of the sternum a])art, oldique, pos- 
terior spiracle considerably dorsad of the anterior one. in the region of 
the caudal margin of segment. Sternum spinulose, spatulate. extending 
the length of the segment; mar^nals in two separate groups along the 
lateral margins; conjunctiva spinulose. 

Segment VII. Tergum glabrous, completely chitinized as in seg- 
ment VI; discal area vestigial; marginals diverse, distributed irreg- 
ularly around the caudal margin; accessory pieces absent. Sternum 
spinulose, spatulate, thinly chitinized cephalad, marginals wide apart, 
grouped laterad; conjunctiva spinulose, striated. 

Segment VIIL Tergum, caudal half spinulose. cephalic halt glabrous, 
completely chitinized across the tergal region; marginals equal, irreg- 
ularly distributed. Sternum spinulose, elongate; seta? s])arscb dis- 
tributed over the surface; conjunctiva spinulose. 

Segment IX. Suranal plate spinulose, scoop-shaped, set^c very long, 
21^ times the length of plate; setula? few; subanal plate, broad, s].)ade- 
shaped, ,spinulose; marginals short, setula? equal, numerous; cerci 
spinulose, setulm short; sense organs, two contiguous, one separate. 


Chortophila grisella Rondani * 

Segments and intersegments of equal length, sclerites glabrous 
except the subanal plate which is spinulose. Interse^qnents smooth, 
without vestiture, in common with the segmental membranes orna- 
mented with chitinous granulations. 

Segment VI. Tergum somewhat similar in structure to anhqua the 
lateral plates expand along the caudal and cephalic margins amos 
fusing across the mid-dorsal line; discal area semi-opaque, coarsely 
granulated; marginals short, equal, regular, terminating on either side 
in a strong sets; spiracles the breadth of the sternum apart oblique 
the anterior spiracles dorsad of the posterior, the latter twice the size of 
the former and situated at the bases of the strong marginal set®, acces- 
sory pieces absent. Sternum reduced to a small cordate sclente adjacent 
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to the caudal margin; marginals few, wide apart; conjunctiva coarseir 
granulated. 

Segment VII. Tergum divided into two lateral plates whose caud.'ij 
extremities expand to form marginal plates; discal area hyaline; mar- 
ginals few, regular, with strong lateral bristles; accessory pieces absent. 
Sternum reduced to a small, ovoid sclerite adjacent to the caudal margin, 
the apices pointed, marginals mde apart, few; conjunctiva roughened. 

vScgmcnt VIII. Tergum yoke or collar-shaped, the tergites ill- 
defined with ragged borders that blend irregularly into the less chitinized 
semi-opaque discal area, a distinguishable, interrupted chitinous thick- 
ening along the mid-dorsal line that merges finally with the fuserl 
caudal pieces. The caudal margin of the segment, as in rtibivoray is only 
recognized by the marginals due to the fusing of the heavily knobbed 
chitinoas area of the fourth intersegment with the tergimi 'which oblit- 
erates any definable line; marginals equal, regular with pronounced 
lateral seta'. Sternum consists of two small, ovoid sclerites, tapering 
caudad ; seta diverse, scattered over the entire surface. 

Segment IX. Suranal plate scoop-shaped, seta approximate, strong; 
subanal [)latc spinulosc, spade-shaped, seta widely separated, hairlike, 
setula short, equal, distributed over the surface; cerci smooth, knobbed, 
long slender petiole; apicals long and fine, setula diverse, confined to 
the club; sense organs four. 

Chortophila Isevis Stein. f 

Segments nearly twice the length of the preceding intersegment. 
Intersegments, spinulose, densely striated. 

Segment VI. Tergum undivided, encasing the dorsal surface as a 
shield, the chitin semi-opaque and somewhat thinner toward the mid- 
dorsal line on which region it is lightly spined; accessory pieces absent; 
marginals diverse, scattered irregularly around the caudal margin, con- 
tinuing cephalad in a single row along the ventral border; spiracles 
twice the breadth of the sternum apart, slightly oblique, the posterior 
spiracles on the caudal margin of the segment; area bounded by the 
caudo- ventral angles clothed with a few fine spinules. Sternum spin- 
ulose, club-shaped, the cephalic half but lightly chitinized; marginals 
distributed along the lateral borders for some distance; conjunctiva 
covered densely with short spinules. 

Segment \TI. Similar in structure to segment VI; spinules thinly 
distributed over the tergal and sternal surfaces; discal area almost 
obliterated; marginals diverse, distributed irregularly along the caudal 
border; .accessory pieces absent. Sternum spatulate, the cephalic half 
attenuated and but lightly chitinized; marginals distributed along the 
lateral margins; conjunctiva densely spinulose, striated. 

Segment VIII. Tergum composed of a fused marginal plate which 
e:(tends as two lateral pieces, gradually tapering toward the cephalic 
margin; discal area thinly chitinized, merging imperceptibly with ‘the 
chitin of the lateral plates; margins short, diverse, regular. Sternum 

t Probably a new species though closely resembling laevis. 
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spinulose, narrow sclerites that attain two-thirds the length of the 
segment; - setse few, diverse; conjunctiva, spinulose, the cephalic mar- 
gin of the segment bordered by spinules throughout. 

Segment IX. Suranal plate glabrous, scoop-shaped, setK very long: 
subanal plate spinulose, spadclike, setae normal, fairlv long; sctul.T 
sparsely distributed; cerci glabrous, small, knoblike, pctiolalc;^ setm 
short, stout, two or three apicals on each ccrcus, setuloe short, hriatlelike 
confined to the club. 

Chortophila longula Fallen.* 

Segments and intersegments of equal length, sclerites glabrous 
except the subanal plate which is spinulose, marginals of the terga equal, 
evenly distiibuted in a single row along the caudal margin of the seg- 
ments. Intersegments smooth, hyaline, transparent, exccjit tlie base of 
the first intersegment which is spinulose. 

Segment VI. Tergum lightly chitinized, encasing the dorsal region 
as a homogeneous plate, except for the ill-defined notch-like discal area 
which partitions the cephalic margin; accessory pieces present; spir- 
acles closely approximate, oblique, near to the caudal margin. Sternum 
lanceolate, attaining half the length of the segment; marginals few, 
separated into two groups; conjuncti^'a smooth, with slight chitinous 
granulations. 

Segment VII. Tergum composed of a strong marginal plate, from 
the lateral boundaries of which extend two chitinous plates ccphalad. 
At times there develops along the mid-dorsal line a median chitinous 
thickening; discal area hyaline; accessory pieces present. SlcTnum 
reduced to a short, oblong plate, about half the length of the segment; 
marginals few, wide apart; conjunctiva smooth, with chitinous 
thickenings. 

Segment VI IL Tergum similar in structure to segment VII, the 
lateral plates slightly undulating and taper gradually toward the 
cephalic margin; discal area hyaline, sometimes divided by a median 
chitinous thickening. Sternum composed of two short tapering plates 
adjoining the caudal margin; seteC few; conjunctiva, smooth, hyaline. 

Segment IX. Suranal plate scoop-shaped; setm wide apart, exceed- 
ing the breadth of the club by twice; setula^ five or six, between the 
setse; subanal jdate s]jinulosc, spade-shaped; setae, distributed along 
the margin; setulac diverse; cerci smooth, conical, j^ctiolate; setae 
short, apicals strong; setulis few; sense organs four, contiguous, situated 
towards the apex of each cercus. 

Chortophila muscaria Meigen. 

Segments longer than the intersegments; marginals long, diverse, 
scattered around the caudal margin of the segments. Intersegments 
spinulose, except for the dorsal region of the fourth which is reduced 
to a hyaline transverse strip; the remaining membranes are densely 
spinulose, the spinules increasing m size from the first to the third inter- 
segment; similarly a clear membranous strip defines the caudal margins 
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of intersegments one to three, which increases in width and proportion 
according to succeeding intersegments. 

Segment VI. Tergum glabrous, composed of two broad lateral 
plates whose caudal margins approximate, almost fusing across th- 
mid-dorsal line, dorsal and ventml borders ragged, indeterminate; disoal 
area gradually widening cephalad, hyaline, indefinitely striated b\' 
rows of spinules; accessory pieces absent; marginals long, diverse, 
distributed in two irregular rows ; spiracles wide apart, equalling twice 
the breadth of the sternum, oblique, posterior spiracles situated on the 
caudal margin. vStemum lanceolate, extending for three-quarters the 
length of the segment, spinulose posteriorly; marginals approximate, 
scattered, including two very long setae; conjunctiva spinulose, spinules 
very small and dense, short fine spines sparsely distributed about the 
caudal area. 

Segment VIL Tergum glabrous, somewhat similar in structure to 
segment VI, heavily chitinized along the lateral and caudal margins, 
investing a coarsely spinulated discal area; marginals diverse, dis- 
tributed around the caudal margin irregularly. Sternum, lanceolate, 
attaining the whole length of the segment, gradually tapering to a 
point caudad; marginals few, including two very long sets; con- 
junctiva densely spinulose, short, fine spines sparsely distributed about 
the caudal area. 

Segment VIII. Tergum composed of a heavily chitinized, archlike 
plate, partially enclosing a lightly chitinized, spinulose discal area; the 
lateral plates spinulose cephalad, smooth throughout the caudal half; 
marginals numerous, short, spinelike, scattered across the marginal 
plate. Stemiun smooth, composed of two narrow chitinous sclerites, 
broadened toward the cephalic margin thence gradually tapering to a 
fine point caudad; setae few, one or two; conjunctiva spinulose. 

Segment IX. Suranal plate triangular, equilateral, larger than the 
subanal plate; setae approximate, closer together than the width of the 
club; subanal plate spinulose, smaller than the suranal plate; setae 
arranged in a semi-circle, bordering the margin; setuls niimerous, 
distributed over the entire surface; cerci short, smooth, laterally 
compressed, sessile; setae short and fine; apicals two; sense organs 
two, situated laterad. 

Chortophila nuda Strobl.’ 

Segments and intersegments of equal length, sclerites glabrous 
except for the subanal plate which is spinulose. Intersegments densely 
spinulose, striated, except for the ventral surface of intersegment four 
which is smooth. 

Segment VI. Tergum composed of two brc*ad lightly chitinized 
lateral plates th^t blend gradually into the more or less constricted 
discal area, ventral margin defined; accessory pieces present; marginals 
diverse, few, evenly distributed, regular; spiracles wide apart, the 
breadth of the sternum, situated along the ventral margin. Sternum, 
elongate sclerite, rounded caudad, gradually tapering cephalad to the 
margin; marginals approximate, around the caudal border. 
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Segment VI 1. Tergum similar in structure to segment VI, the 
caudal mar^n somewhat constricted; accessory pieces present, dis- 
tinct; marginals few; discal area membranous, hyaline. Sternum lan- 
ceolate, rounded caudad, tapering to a point cephalad, attaining the 
length of the segment; marginals separated into two lateral groups; 
conjunctiva lightly spinulose. 

Segment VIII. Tergum composed of two lateral plates which flare 
caudad so as to envelop the margin, cephalad the plates curve dorsad, 
approximating at the cephalic margin; discal area witli chitinous 
granulations, constricted cephalad; marginals equal, distributed reg- 
ularly in a single row. Sternum, two small ovoid sclerites bordering the 
caudal margin; setae strong, spinelike, scattered throughout; con- 
junctiva smooth. 

Segment IX. Suranal plate scoopshaped; setae approximate, less 
than the width of the club apart, setulae. few; subanal plate spade- 
shaped; setae equidistant, bordering the apical margin, setulae spinelike, 
distributed over the surface; cerci clubbed, petiolate, smooth; apicals 
two or three, setulae long, diverse; petiole smooth; sense organs, two 
apical tubercles. 


Chortophila parva Desvoidy. 

Segments slightly longer than the intersegments, sclerites glabrous 
except the s4banal plate which is spinulose. Intersegments spinulose, 
increasing in density according to successive intersegments, spinules 
broad at their base, not recurrent, becoming much coarser in interseg- 
ment three; structure and character very similar to cinerella and 
carulescens scalelike in appearance. 

Segment VI. Tergum denoted by a chitinized caudal half and a 
clear hyaline cephalic half, the caudal region composed of two bilat- 
erally symmetrical plates, somewhat crescentshaped, bounding a clear 
hyaline discal area; accessory pieces present; marginals few short, 
usually two; spiracles closely approximating, in a honzontal plane 
side by side, directly cephalad of the accessoiw- pieces. Sternum reduced 
to a small pear-shaped sclerite adjacent to the caudal m,argin; mar- 
ginals separated and arranged in two lateral groups; conjunctiva 
smooth, hyaline. . 

Segment VII Tergum composed of two chitinous rods situated 
subdorsad, from the caudal to the cephalic margins; at the extremities 
the rods tend to approximate, constricting the long hyaline discal area, 
accessory pieces present, distinct; marginals few, short, usually two, 
distributed dorsad. Sternum reduced to a small tnangular sclente 
adjacent to the caudal margin; marginals separated into two groups, 
wide apart; conjunctiva smooth, hyaline. 

Segment VIII. Tergum composed of two chitinous rods, subdorsad, 
that expand at their caudal extremities to invest the m^arpn of the 
segment, cephalad the rods approximate reaching the cephalic rnargm, 
marginals few, short, bristlelike, regular. Sternum similar m structure to 
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the tergiim, the steniites extend along the subdorsal axes, tapering to a 
point caudad; marginals short, bristlelike; conjunctiva hyaline, 
transparent, the caudal half of the lateral membranes clothed with 
dense, l.)road spinules, scalelike. 

Segment IX. Suranal plate broad, scoop-shaped, set^ strong, the 
width of the club apart; subanal plate spinulose, broadly conical, seta: 
short, in a transverse row across the apical third, setulse small, thomlike; 
cerci smooth, kiioblike, sessile; setae few, apicals stout, sctulac bristle- 
like; sense organs two, contiguous, papillae of medium length, not 
domelike. 

Chortophila rubivora Coquillctt. 

vSegments and intersegments of equal length. Sclerites glabrous. 
Intersegments densely spinulose except the fourth which is smooth but 
for a few spinules along the cephalic margin of the dorsum. 

vSegment VI. Tergum an unevenly chitinized plate which presents 
two lateral thickenings and a thinly chitinized mid dorsal region; discal 
area indetenninate; marginals diverse, regular; spiracles closer together 
than the width of the sternum, oblique, posterior spiracle cephalad of 
the caudal margin; accessory pieces absent. Sternum broadly lanceo- 
late, tapering at both extremities to the margins of the segment; mar- 
ginals approximating, continued for a short distance along the lateral 
borders; conjunctiva spinulose, densely covered. 

Segment VII. Tergum similar in structure to segment VI except 
that the chitin is thinner and tends to separate the tergum into two 
lateral, thickened plates; discal area vestigial; marginals diverse, 
somewhat irregularly arranged; accessory pieces absent. Sternum 
lanceolate, tapering to both margins, marginals approximate; con- 
junctiva spinulose. 

Segment VIII. Tergum composed of two lateral chitinous plates 
which have fused along the caudal margin across the mid-dorsal line. 
Frequently a tongiielike chitinous thickening appears on the discal area 
which fuses caudad with the marginal plate; discal area chitinized; 
marginals short, spinelike, regular, denoting the fusion of the firmly 
chitinized fourth intersegment with the caudal margin of the segment 
with which it appears to form an integral part, similar in structure to 
subsiriaia. Sternum composed of two narrow sternites that attain 
three-quarters the length of the segment, pointed caudad; set® few, 
short, spinelike; conjunctiva spinulose. 

Segment IX. Suranal plate triangular; set® approximate, strong, 
the base of the plate closely coincident with the margin of the foiuth 
intersegment; subanal plate, smooth, spadelike to conical; marginals 
apart, a fringe of setulae around the apex, the surface sparsely covered 
with setul®; cerci smooth, clavate, petiolate; apicals long, setulse 
covering club and petiole; sense organs two, contiguous, subapical. 
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Genus Hylemyia Desvoidy. 

Hylemyia aemene Walker, flavicans Stein and alcathoe Walker. 

Up to the present no accountable differences are to be observed in 
the stmeture, vcstiture or chaetotaxy of the three above named species 
The three species in common may therefore be treated under the same 
descnption. 

Segments and intersegments of equal length, scleritcs glabrous 
except the subanal plate which is spinulose. Intersegments spimilose on 
the ventral surface except the fourth which is smooth throughout on 
the dorsal surface intersegments one, two and three spinulose alom^’the 
cephalic margins and for a greater or less distance along the region of 
the mid-dorsal line, remaining area smooth, hyaline. 

Segment VI. Tergum completely chitinized, encasing the dorsal 
region, cephalic border indeterminate \ accessory pieces absent ; mar- 
ginals diverse, regular; spiracles oblique, the width of the sternum 
apart, posterior spiracle on the caudal margin. Sternum lanceolate to 
pegshaped, tapering to a blunt point on the cephalic margin, truncate 
caudad; marginals approximate; conjunctiva spinulose on the caudal 
half, smooth cephalad. 

_ Segment VII. Tergum similar in structure to segment VI, thinly 
chitinized on the discal region; marginals diverse, regular. Sternum 
pegshaped, tapering cephalad; marginals bordering the caudal margin; 
conjunctiva, caudal third spinulose, remaining surface smooth. 

Segment VI 11. Tergum composed of two lateral plates which tend 
to approximate toward the cephalic margin, gradually ta]:>cring to a 
point, caudad the extremities hare and coincide with the margin, nearly 
fusing across the raid-dorsal line; discal area broad, hyaline; marginals 
diverse, regular. Sternum composed of two broadly ovoid sclcrites tliat 
taper to a point at both ends, attaining one-half the length of the seg- 
ment; setai distributed over the surface irregularly ; conjunctiva smooth. 

Segment IX. Suranal plate scoop-shaped; sets; strong, approx- 
imate, setulcE strong, spinelike; subanal plate spade-shaped to conical; 
setae long; setulae beside the margins long, remainder short; ccrci 
smooth, petiolate, club clavate to subcylindrical, clothed with long fine 
setulac, apicals long and fine; sense organs apical, consist of two large 
membranous discs from which emerge fine hairlike papillae, also two 
small spined tubercles, the former give the club a truncate or chipped’^ 
appearance. 


Hylemyia coarctata Fallen. 

Segments and intersegments of equal length, sclerites glabrous 
except the subanal plate which is spinulose. Intersegments spinulose on 
the ventral and smooth on the dorsal surfaces except for the fourth, 
which is smooth throughout. 

Segment VI. Tergum composed of one thinly chitinized plate 
encasing the dorsal region, cephalic margin indeterminate; accessory 
pieces present; marginals few, equal, regular; spiracles the width of- 
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the sternum apart, slightly oblique, posterior spiracles situated on the 
accessory pieces. Sternum lanceolate, attaining the length of the seg- 
ment, expanding before tapering to the cephalic margin; marginals 
approximating, distributed for a short distance along the lateral borders; 
conjunctiva spinulose. 

Segment VII. Tergum similar in structure and character to seg- 
ment VI, a more noticeable thinning of the chi tin dorsad. Sternum with 
rounded caudal margin ; the marginals arranged in a semi -circle around 
the border; conjunctiva smooth. 

Segment VIII. Tergum similar in structure to cemene, composed of 
two lateral plates whose caudal extremities flare and adhere to the mar- 
gin, cephalad the plates slightly approximate, tapering toward the 
cephalic margin; discal area hyaline, spaceous; marginals diverse, 
regular. Sternum composed of two broadly ovoid sclerites tapering to a 
point caudad, attaining one-half the length of the segment; setae dis- 
tributed over the entire surface, bristlelike; conjunctiva smooth. 

Segment IX. Suranal plate scoopshaped; seta barely the width of 
the club apart; setulae few, strong; subanal plate spade-shaped; set® 
regular; setulae around the margin spinelike, remainder shorter; cerci 
conical to subcylindrical, clothed with fine long setulse, apicals long 
and fine; sense organs consist of two large membranous discs from 
which emerge fine hairlike papillae and two small tubercles, the former 
cause the apices of the clubs to appear chipped or notched. 

Hylemyia flavipennis Fallen.* 

The structure and character of the segments and intersegments are 
very similar to those of coarciata. In flavipennis the length of the 
segments and intersegments is equal to their breadth; the accessory 
pieces are absent, and the shape of the ventral sclerites vary slightly 
from that of coarciata. In flavipennis the caudal border of the sternum 
of the sixth segment is truncate with the marginals arranged along the 
caudal margin whereas in coarciata the caudal extremity tapers to a 
point with the marginals arranged laterad. The conjunctiva of the 
sixth segment in flavipennis is spinulose on the caudal third and smooth 
for the remaining area whereas in coarciata the whole surface is spin- 
ulose. The sternum of the seventh segment of flavipennis tapers ceph- 
alad, in coarciata the cephalic half of the sclerite expands before reach- 
ing the margin. Further in flavipennis the setae of the suranal plate lie 
closer to each other. 

Hylemyia juvenilis Stein. 

Segments one and two slightly longer than the foregoing interseg- 
ments, segment VIII equal to intersegment three; suranal, subanal 
plates and cerci densely pubescent. Intersegments spinulose except 
the fourth which is smooth throughout. 

Segment VI. Tergum glabrous, completely chitinized, shieldlike, 
encasing the tergal region; accessory pieces absent; marginals diverse, 
regular, continuing fora short distance along the ventral border; spir- 
acles barely the width of the sternum apart, oblique, posterior spiracles 
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cephalad of the caudal margin. Sternum spatulate or paddle-shaped, 
the blade covered with dense minute spines, marginals distributed along 
ihe lateral borders; conjunctiva densely spinulose. 

Segment VIL Tergum similar in structure to segment VI, the 
chitin less dense toward the mid-dorsal region, cephalic margin ragged, 
incised; marginals confined to the caudal border. Sternum spatulate, 
unevenly chitinized, the outline at times interrupted, clothed with 
dense minute spines around the caudal margin; marginals even, dis- 
tributed laterad; conjunctiva densely spinulose. 

Segment VIII. Tergum separated by a spacious discal area into 
t^vo lateral plates whose caudal extremities flate, adhering to the margin 
to fuse as a narrow marginal plate, cephalad the plates broaden slightly; 
discal area divided by a median, interrupted thickening of the chitin; 
marginals diverse, irregular. Sternum composed of two elongate sclerites 
pointed at both extremities, attaining but half the length of the seg- 
ment; setse few, distributed irregularly; conjunctiva spinulose. 

Segment IX. Suranal plate scoop-shaped to hemispherical; setae 
wide apart, exceeding the width of the club, setulae few, long; subanal 
plate conical, pubescent; setae long, fine, approximate, setulae sparsely 
distributed over the surface; cerci slender, densely pubescent; club 
subeylindrical; petiole slender, longer than the club; apicals long and 
fine, setulae long, few, bristlelike; sense organs consist of two tubercles. 

Hylemia lipsia Walker. 

Segments and intersegments of equal length, sclerites glabrous. 
Intersegments smooth, hyaline, transparent. 

Segment VI. Tergum thinly chitinized extending from side to side 
as a broad plate, cephalic margin indeterminate, incised; discal area 
vestigial; accessory pieces large, setaj thickly distributed; spiracles 
approximate, oblique, cephalad of the accessory pieces. Sternum 
obconic, truncate caudad, pointed cephalad, attaining three quarters 
the length of the segment; marginals diverse, regular, distributed along 
the caudal margin; conjunctiva smooth, hyaline. 

Segment VII. Tergum composed of two lateral chitmous plates 
whose extremities flare caudad to partially coincide with the margin, 
cephalad the plates taper, not reaching the margin; discal area spacious, 
hyaline; accessory pieces large, bearing numerous seta?; marginals 
numerous, diverse, irregular. Sternum reduced to two short chitinous 
strips on either side of the mid-dorsal line adjacent to the caudal mar- 
gin; marginals diverse, irregular, closely distributed; conjunctiva mem- 
branous, hyaline, occupying the whole ventral area. 

Segment VIII. Tergum divided into two chitmous plates, dorso- 
central, that flare and fuse together along the caudal margin cephalad 
the plates taper and fail to reach the margin; discal area nyaline, trans- 
parent; marginals diverse, irregular. Sternum reduced to two small 
ovoid sclerites adjacent to the caudal mar^ii, pointed at both extrem- 
ities; setse few; conjunctiva smooth, hyaline. -j., r .v i u 

Segment IX. Suranal plate triangular; setae the width of the club 
apart; subanal plate conical, glabrous; setae regular; setulae few; cerci 
short, knobbed, sessile; apicals single, setulae confined to the distal half. 
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Hylemyia setiventris Stein. 

Segments and intersegments of equal length, sclerites glabrous 
except the subanal plate which is pubescent. Intersegments heavilv 
spinulose except the fourth, which is smooth throughout. 

Segment VI. Tergum divided by a lightly chitinized discal area into 
two heavily chitinized lateral plates whose caudal and cephalic extrem- 
ities expand dorsad along their respective segmental margins, almost: 
fusing across the mid-dorsal line, the plates blend imperceptibly with 
the discal area; accessory pieces present; marginals few, even, regular; 
spiracles wide apart, oblique, posterior spiracles cephalad of the acces- 
sory pieces and twice the diameter of the anterior spiracles, the latter 
small, situated in the conjunctiva. Sternum elongate, extending the 
length of the segment, tapering cephalad; marginals divided into two 
lateral groups; conjunctiva densely spinulose. 

Segment VII. Tergum separated by a lightly chitinized discal 
area into two broad lateral plates that tend to approximate cephalad, 
the caudal extremities expanded dorsad along the margin; accessory 
pieces present; marginals equal, regular. Sternum lanceolate, extending 
for the length of the segment, tapering at both ends; marginals divided 
into two lateral groups; conjunctiva spinulose except for a cephalic 
area bordering the segmental margin. 

Segment VIII, Tergum composed of two lateral rodlike chitinous 
plates that partially enclose a spacious, lightly chitinized discal area, 
the plates approximate at the cephalic margin, caudad the extremities 
adhere to the margin as chitinous strips, nearly fusing across the mid- 
dorsal line; marginals diverse, regular, terminating at both sides in a 
group of setae. Sternum reduced to two, broadly ovoid sclerites adjacent 
to the caudal margin; setae distributed over the entire surface; con- 
junctiva smooth. 

Segment IX. Suranal plate scoop-shaped to hemispherical, armed 
with six or seven stout black spines; subanal plate spade-shaped, 
pubescent, setfc and setulae long, fine, hairlike, the latter distributed 
densely over the surface; cerci smooth, knobbed, sessile, armed with 
numerous stout upeurving spines on the dorsal surface, on the ventral 
surface clothed with fine, hairlike sets; sense organs consist of two tuber- 
cles, situated laterad, from which emerge two bristlelike papillae. 

Hylemyia strigosa var. liigrlmana Fabricius.f 

Ovipositor short, compact, equalling the fifili abdominal segment in 
length. Segments much longer than the intersegments, breadth three 
times the length. Intersegments spinulose except the fourth which is 
smooth on the ventral surface. 

Segment VI. Tergum smooth, composed of a broad, bandlike discal 
ai:ea, lightly chitinized, separating two small quadrangular plates which 
are confined to the' lateral margins of the segment; accessory pieces 
absent; marginals few, regular; spiracles large, exceeding the breadth 
of the sternum apart, posterior spiracles mesad of the anterior, both 


t European specimen. 
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siUiated the ventral margin. Stemuin spinulose, lanceolate 
attaining the length of the segment; marginals separated into two 
lateral groups; coniunctiva spinulose. 

Segment VII Similar in structure to segment VI, the sternum 
spmulose, expanding into a broader sclerite caudad; marginals wide 
apart; conjunctiva spinulose. 


Segment VIII. Tergum spinulose, divided bv the median discal 
area into two broad quadrangular lateral plates; marginals diverse 
irregular. vStemum spinulose, consisting of two elongate sclerites! 
attaining the length of the segment, tapering at both extremities’ setse 
few, usually two; conjunctiva smooth. ’ 


Segment IX. Suranal plate pubescent, scoop-shaped; seta) long and 
stout, setultS numerous, bnstlelike; subanal plate spinulose, broadly 
spade-shaped; setae, three pairs on the apical third, setula) diverse, 
numerous; cerci pubescent, short petiole, knobbed; apicals stout’ 
setulae diverse, long and stout, distributed over the distal region; sense 
organs consist of two spined tubercles. 


Hylemyia variata Fallen. 

Segments longer than the intersegments, breadth lAvice the length. 
Intersegments spinulose except the fourth which is smooth on the 
ventral surface. Spinules arranged in no regular striations. 

Segment VI. Tergum spinulose, divided by a thinly chitinized 
median strip into two quadrangular plates which encase the sides of 
the segment, dorsal and ventral borders ragged; accessory pieces ab- 
sent; marginals equal, even, regular; spiracles barely the breadth of 
the sternum apart, oblique, posterior spiracles situated ceplialad of 
the caudal margin. Sternum spinulose, attaining the length of the 
segment, broadly expanding caudad, tapering to a blunt point cephalad; 
marginals ^ widely separated into two lateral groups; conjunctiva 
densely spinulose. 

Segment VII. Similar in structure and character to segment VI. 
The tergum divided by a more pronounced median discal area into two 
lateral quadrangular plates, the latter are not so extensive as in segment 
VI. Sternum tapering more decidedly to a point, scarcely attaining 
the caudal margin. 

Segment VIII. Tergum divided by a broadly expanding discal area 
into two broad, lateral, heavily chitinized plates, the latter expanded 
caudad, adhering to the margin and almost fusing across the mid- 
dorsal line; marginals few, equal, regular; the region along the caudal 
margin and projecting for some distance onto the discal area densely 
S]jinulose. Sternum glabrous, composed of two small elongate to oval 
sclerites, adjacent to the caudal margin; seta) distributed irregularly; 
conjunctiva smooth. 

Segment IX. Surarial plate pubescent, hemispherical, setae approx- 
imate long; subanal plate spinulose, spade-shajied, setm and sctulac 
nearly equal, few and sparsely distributed over the surface; cerci 
pubescent, knobbed, short petiole; apicals long and stout, sctulac dis- 
tributed over the club; sense organs apical, consisting of two spined 
tubercles. 
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Genus Pegomyia Desvoidy, 

Pegomyia affinis Stein. 

Segments slightly longer than the intersegments except segmcii- 
and intersegment eight which are foreshortened, sclerites glabroin. 
Intersegments smooth, hyaline, transparent. 

Segment VI. Tergum thinly chitinized, covering the entire dorsal 
regiorff margins indeterminate; accessory pieces present; margina]> 
diverse, slightly irregular; spiracles approximate, oblique, cephalad nf 
the accessory pieces. Sternum lanceolate, extending for the entire 
length of the segment, expanding slightly caudad; marginals distributed 
laterad; conjunctiva smooth, hyaline. 

Segment VII. Tergum divided by a hyaline discal area into two 
lateral pieces which extend from margin to margin as more or less 
uniform plates; accessory pieces large, distinct; marginals diverse, 
irregular. Sternum spatulate, the caudal extremity flaring, truncate; 
marginals approximate, distributed in a semi-circle around the margin; 
conjunctiva smooth, hyaline. 

Segment VIII. Tergum reduced in size to form a lightly chitinized, 
arch like plate, the margins indeterminate, blending imperceptibly with 
the discal area. Sternum consists of two small elongate sclerites one- 
half the length of the segment; set<e few, distributed on the caudal 
third; conjunctiva smooth. 

Segment IX. vSuranal plate triangular to conical; setae short, approx- 
imate, less than the width of the club apart; subanal plate broadly 
spade-shaped; setse irregular, approximate; setulse absent; cerci 
smooth, small, knobbed, sessile; apicals short, stout; setulai distributed 
on the distal portion of the club. 

Pegomyia calpytrata Zetterstedt. 

Ovipositor short, compact, slightly longer than the fifth abdominal 
segment, spinulose throughout, segments longer than the intersegments, 
breadth twice the length. Intersegments reduced to narrow transverse 
membranes. 

Segment VI. Tergum completely chitinized encasing the entire 
tergal region, posterior angles produced ventrad to embrace the sides 
of the segment; marginals fev/, one or two; accessory pieces present, 
distinct; spiracles in the same plane, not oblique, wide ajiart, posterior 
spiracles situated on the caudal margin of segment. Steruiun consists 
of an oblong sclcritc, truncate at both extremities, extending the entire 
length of the segment, the posterior region densely covered with black, 
short spines, which continue sparsely along the lateral borders; con- 
junctiva spinulose. 

Segment VII. Tergum similar in structure to segment VI; mar- 
ginals diverse, regular, confined to the caudal margin of the posterior 
angles of the tergum; accessory pieces absent. Sternum broadly conical, 
the apex reaching the cephalic margin, posterior half densely clothed 
with black, short spines, hooked at the tip; conjunctiva spiniose. 
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^ Segment .VIII. Tergum reduced to two subtriangular ter^ntes 
wi ose posterior angles are produced ventrad and dorsad, coincidino" 
wiih the caudal margin, cephalad the apices reach the cephalic martuir 
di^^cal area membranous, widely separating the tergites and occu])vin" 
tlic entire dorsal region; marginals diverse, irregular. Sternum reduced 
t(> two small triangular sclerites adjoining the cephalic margin; setcc 
sl'iort, fine; conjunctiva spinulosc. * 

Segment IX. Suranal plate broad, scoop-shaped, apex rounded; 
setic wide apart, equal to the breadth of the club, setul^e numerous’ 
strong; subanal plate broadly spade-shaped; setae stout, distributed 
apically and at the basal angles; setula; short, surrounding a spinulose 
cliscal area; cerci spinulose, ovoid, sessile; apicals single; sctula: few, 
confined to the distal region of the club; sensory organs, small, apical 

Pegomyia hyoscyami Panzer. 

Ovipositor short, compressed, slightly longer than the fifth abdom- 
inal segment, spinulose except for the cephalic margin of the sternites; 
tlie latter longer than the intersegments, breadth twice length. Inter- 
segments reduced to narrow transverse membranes. 

Sclents VI. Tergal region occupied by a spacious discal area, 
extending from side to side, margin to margin; bounded laterally ]:iy 
angular chitinous plates that project ventrad; accessory pieces absent; 
marginals diverse, irregular; spiracles wide apart;, hi the same plane, 
posterior spiracles situated caudad of the margin ^ in the membrane of 
the second intersegment. Sternum consists of a broad plate, similar to 
that of the fifth abdominal segment, posterior angles rounded, anterior 
angles square, the entire surface except along the cephalic margin cov- 
ered with diverse setae, cephalic margin glabrous; conjunctiva reduced 
to narrow articulating membranes between the sternum and tergum. 

Segment VII. Tergum similar to segment VI in appearance, the 
tergites confined to the caudo-veiitral regions of the dorsum, tapering 
cephalad and dorsad, the ventral margins anastamose with the borders 
of the sternum, appearing to form a continuous sclerite with the ster- 
num, the dorsal margin glabrous, the remaining surface sparsely cov- 
ered with diverse sets. Stenium cordate, humped anteriorly, occupying 
nearly the whole sternal region, lateral borders anastamose with the 
ventral margin of the tergites, cephalic margin glabrous, the remaining 
surface covered with setae; conjunctiva reduced to the cephalic margin, 
and is confluent with the tergal membrane. 

Segment VIII. Tergum composed of a transverse chitinous plate, 
completely encasing the tergal region, spinulose except for a hemi- 
spherical area along the cephalic margin; marginals irre^lar, ^distrib- 
uted along the caudal margin and about the ventral region. Sternum 
composed of three chitinous sclerites; two lateral hemispherical sclerites, 
approximating toward the caudal margin, gradually diverging cephalad; 
into the angular space thus formed fits the triangular apex of the 
median anterior sclerite, the latter continues cephalad as a narrow plate, 
surpassing the cephalic margin and dissecting the third intersegment 
into two lateral regions; the sclerites are spinulose except for the dorsal 
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area of each lateral plate and the anterior portion of the median scleriie, 
included amongst the spinules are a few short setae; conjunctiva 
reduced to narrow articulating membranes between the stemites and 
the tergites. 

Segment IX. Suranal plate broad, transverse; setae long, wide 
apart; setulae scattered; subanal plate spade-shaped; setae distributed 
apically, setulae distributed over the entire surface; cerci spinulose. 
knobbed, sessile; apicals strong; setulae short, fine, distributed on the 
distal region of the club. 

Pegomyia trilineata Stein. 

Segments longer than the intersegments. Sclerites glabrous except 
the sternum and accessory pieces of the sixth segment whjch are partly 
spinulose, and the subanal plate which is wholly spinulose. Inter- 
segments smooth, hyaline. 

Segment VI. Tergum lightly chitinized, with thicker areas along 
the caudal, cephalic and lateral margins. These plates blend imper- 
ceptibly into a large semi-translucent discal area. Marginals short, 
diverse, more or less regular; accessory pieces present, partly spinulose; 
sjjiracles oblique, adjoining the accessory pieces. Sternum spatulate, 
cephalic half but faintly chitinized, at the tip of which is a pair of sen- 
sory organs, caudal half spinulose, hexagonal in outline; marginals in 
two lateral groups; conjuctiva spinulose on the caudal half, hyaline 
and smooth cephalad. 

Segment VII, Tergum divided into two lateral plates that fuse 
across the caudal margin; discal area large, semi-translucent, confining 
the plates to the lateral margins of the segment; marginals as in 
segment VI; accessory pieces present. vStemum spatulate, glabrous, 
with but a few if any spinules; marginals and sense organs as in seg- 
ment VI; conjunctiva smooth, hyaline, with a very few spinules along 
the caudal margin. 

Segment VIII, Tergum completely and heavily chitinized, encasing 
the dorsal region, cephalic margin emarginate, a short chitinous tooth 
at the caudal end of the middorsal line; marginals short, diverse, 
irregular. Sternum composed of two strongly chitinized, elongate plates 
reaching three-quarters the length of the segment; setse short, confined 
to the caudal third of the stemites; conjunctiva, smooth, semi-opaque. 

Segment IX. Suranal ]>late scoop-shaped, setaj short, approximate; 
subanal plate spade-shaped, set^ noruial, setulae long around the caudal 
margin, short and thomlike on the plate; cerci glabrous, subcydindrical, 
peliolate. apicals one per club, sctulas short, distributed on the club and 
petiole, at the apex of the former are tv/o strikingly recurrent setifice. 

Pegomyia trivittata Stein. 

Segments longer than the intersegments. Sclerites glabrous except 
the sternum of the seventh segment which bears numerous stout, 
short spines. Intersegments heterogeneous; the first smooth on the 
dorsal surface, on the ventral surface spinulose throughout the cephalic 
half, smooth caudad; second intersegment spinulose, densely so along 
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tlio cephalic margin ol the dorsal surface, very lightly for the remainin-- 
region, on the ventral surface spinulose along the cephalic margin and 
for a short distance caudad along the midvcntral line, the remaining 
region smooth. Intersegment three spinulose on both surfaces except 
for a postenor margin of smooth hyaline membrane. Intersegment 
four smooth throughout. 

Segment VI. Tergum thinly chitinized, completely encasimr the 
dorsal region, cephalic margin ragged; accessory pieces present clothed 
with numerous setae; marginals diverse, distributed closely together 
and irregularly; spiracles approximate, oblique, cephakd of"' the acces^ 
sory pieces. vSternum reduced to two spherical chitinoiis areas adjacent 
to the caudal margin; marginals diverse scattered over the entire sur^ 
face; conjunctiva adjoining the stemites densely spinulose, remainder 
smooth. 

vSegment VII. Tergum similar in stnicture to segment VT except 
that the chitin along the mid-dorsal line is much thinner, dividing the 
tergum into lateral plates; accessory pieces present; the marginal 
region and the accessory pieces possess numerous short, stout, spines 
amongst which are scattered a few longer bristles. Sternum reduced to 
two ovoid chitinous pieces adjacent to the caudal margin, which arc 
covered throughout their entire area with numerous short, stout, 
spines; marginals few, usually two; conjunctiva densely spinulose 
between the tergum and stemites and for a short distance cephalad, 
remaining region smooth. 

Segment VIII. Tergum divided by a spacious hyaline discal area 
into two lateral plates which taper gradually to the cephalic 77-jargin; 
marginals surplanted by a row of stiff, short, spines. Sternum com- 
posed of two elongate sclcritcs attaining one-half the length of the 
segment, the apical third armed with stout, short spinules; conjunctiva 
spinulose along the caudal margin, smooth for the remaining region. 

Segment IX. Suranal plate sub triangular, setae approximate; sub- 
anal plate broadly spade-shaped, setae regular, setulae sparsely distrib- 
uted over the surface; cerci, small, knobbed, smooth, sessile; apicals 
short and stout, setulae confined to the club ; sense organs tubercular, 
with sharp apical spines. 

Pegomyia unicolor Stein. 

Segments longer than the intersegments, sclerites glabrous on the 
dorsal surface, spinulose on the ventral, lightly chitinizeu throughout, 
armed with bunches of stout spines. Intersegments smooth, hyaline. 

Segment VI. Tergum lightly chitinized, hyaline, slightly thickened 
around the caudal margin; accekory pieces present, armed with numer- 
ous stiff bristles; marginals stout, equal, regular, usually eight in 
number, distributed dorsad; spiracles the width of the sternum apart,, 
oblique, orifices surrounded by a broad brim or margin, situated in the 
conjunctival membrane. Sternum short, conical, attaining one-third 
the length of the segment, sparsely covered with spinules; marginals 
approximate, in a sc»ni-circle around the margin; conjunctiva smooth, 
hyaline, the caudal border with a few stout setse. 
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Segment VII. Tergum lightly chitinized, the sides and the can- .J 
margin slightly thickened into two faintly perceptible lateral plav'^ 
which are separated by a hyaline, transparent discal area; accessoi v- 
pieces present, armed with stiff, stout bristles. Sternum densely spim’- 
lose, reduced to a short transverse sclerite adjacent to the cau(ial 
margin; marginals scattered; conjunctiva smooth, constricted at the 
caudal limits by the accessory pieces. 

Segment VIII. Tergum composed of two lateral plates, broad 'v 
separated throughout by a spaceous hyaline discal area, the caudal 
region characterized by a tuft of dense short hair, the caudal margins 
of the tergites are armed with a few stout stiff bristles. Sternum densel y 
spinulose, composed of two somewhat raised sclerites adjacent to tlio 
caudal margin and nearly fusing across the mid ventral line, the oilier 
halves of each stemite bear numerous stiff setae; conjunctiva smooth for 
the greater part, sparsely spinulose along the caudal margin. 

Segment IX. Suranal plate scoop-shaped; setae approximate, 
short, stout; setulae few; subanal plate spinulose, conical; setulae few; 
subanal plate spinulose, conical; setae apical; setulae long, spinelike 
sparsely distributed over the distal half; cerci small, subcylindrical; 
apicals short and stout; setulae few, stout, confined to the club; sensory 
organs tubercular, spined, scattered over the club. 

Pegomyia winthemi Meigen. 

Segments slightly longer than the intersegments, sclerites glabrous 
except the sternum of segment eight which is pubescent and the subanal 
plate which possesses a few scattered spinules. Intersegment one 
spinulose throughout; the second spinulose along the cephalic region 
and for a short distance caudad along the mid dorsal and mid-ventral 
lines, the remaining siuiaces smooth; intersegment three smooth on 
the dorsal surface with a narrow strip of spinules along the cephalic 
margin, densely spinulose for three-quarters the length of the ventral 
surface, the caudal margin smooth, hyaline; fourth intersegment 
spinulose throughout. 

Segment VI. Tergum complete^ but thinly chitinized, encasing 
the entire tergal region; accessory pieces absent; marginals diverse 
regular; spiracles situated close together, oblique, less than the width 
of the sternum apart. Sternum lanceolate, attaining the length of the 
segment, apex rounded caudad; marginals approximate, divided into 
two groups; conjunctiva spinulose for the caudal third, smooth for the 
remainder of the surface. 

Segment VII. Tergum composed of two broad lateral plates whose 
caudal extremities fuse across the mid-dorsal line, cephalad the chitin- 
ization is well maintained; discal area hyaline; marginals diverse, 
irregular. Sternum reduced to a short lanceolate sclerite attaining one- 
half the length of the segment, pointed caudad, tapering cephalad; 
marginals preapical, in two groups; conjunctiva spinulose for the 
caudal third, smooth for the remaining surface. 
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vSegment VIII. Tergtun composed of two lateral plates whose caudal 
-'Xtremities develop dorsad to fuse across the mid-dorsal line, cephalad 
ihe plates taper and tend to approximate; discal area hvalinc: mar- 
ginals equal, regular. Sternum composed of two ovoid sclerites with 
ihe apices prolonged to a point, attaining one-half the length of the 
segment; setse few, one or two, the surface densely pubescent; con- 
junctiva smooth, hyaline, fringed with pubcscense at the caudal margin. 
Segment IX. Suranal plate scoop-shaped; setae wide apart, 
exceeding the width of the club; setula^ few; subanal plate sparsely 
spinulose, spade-shaped to conical; setie regular, strong, brisllclike, 
sctulae short, scattered over the entire surface; cerci glabrous, knobbed! 
shortly pctiolate; apicals and setuloe similar in size and length, stout, 
bristlelike, distributed over the club and petiole; sense organs consist 
of three spined tubercles situated laterad. 


KEY.* 

(Exclusive of Pegoinxia Desv.) 


A. Cerci pubescent or spinulose. 

B. Conjunctiva of segment VI i smooth 

C. Suranal plate pubescent, ccrcl puli(‘S(;ent, intersegment 3 spinulose. 

D. Stemites of segment VIII spinulose, attaining almost to ilie 

cephalic margin slrigosa var. nigrimiuui Faltr. 

DD. Stemites of segment VIII glabrous, confined to caudal region. 

variatn Fall. 


CC. Suranal plate glalirous, ecrei slightly spinulose, intersegment 3 spin- 
ulose on the ventral surface, smooth on the dorsal region 

dissccla Meig, 


BB. Conjunctiva of segment VIII spinulose. 

C. Segment VIII with stemites spinulose, tergum partly spinulose. 

Mcig. 
subslriiila Stein. 


CC. Segment VIII with stemites and tergites glabrous jin'e;»i7is Stein. 

AA. Cerci glabrous, suranal plate glabrous. 

B. Cerci armed with upeurving stout spines. 

C. Stemites of segment VIII armed with upright, stout spines suranal 
plate with 4 large hooks, cerci clothed with but few seta*, 

candens Zett. 


CC. Stemites of segment \'III clothed with seta:, suranal plate armed 
with numerous short hooks, cerci with conspicuous apical tufts 
of seta) seliveniris Stein. 

BB. Cerci clothed with setee. 

C. Subanal plate glabrous, subtriangular. 

U. Subanal plate sstulose, stemites oi segment \ IT! attaining the 

length of the segment, conjunctiva spinulose rubivora Coq. 

DD. Subanal plate with but one or two setulai at most, stemites of ^ 
segment VIII small, adjacent to the caudal margin, con- 
junctiva smooth, hyaline lipsia Wlk. 


* For the sake of feasibility the characters have been restricted to the distal 
end of the ovipositor, with the exception of one couplet. 
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CC. Subanal plate spinulose, spadc-shapod. 

D, Segment VIII with marginals scattered, discal area spinulose, 

stcmites thin, chitinous strips attaining the cephalic margin’ 

muscaria Meig. 

DD. Segment VIII with marginals bordering the caudal margin, 
discal area smooth, stemites flaring caudad. 

E. Stemites of segment VIII equal in length to the tergites. 


F, Suranal plate seoop-shaped parva R. D, 

FF. Suranal plate hemispherical cinerella Fll. 


EE. Stemites of segment VI 11 shorter than the tergites, failing 
to attain the cephalic margin. 

F. Third intersegment smooth, sense organs 4. 

G. Intersegment 4 heavily chitinized, fused to the margin of 
segment VGH, membranes covered with chitinous granu- 
lations grisella Rond. 

GG. Intersegment 4 hyaline, transparent, membranes thin, 

delicate longula Fll. 

FF. Third intersegment smooth on the dorsal surface, spinulose 
on the ventral surface. 

G. Setae of the suranal plate approximate, closer together 
than the width of club, accessory pieces absent on 
segments VI and VII flavipennis Stein. 

GG. Setae of the suranal plate the width of the club apart, 
accessory pieces present on segments VI and VII, 

coarctata Fll. 

FFF, Third intersegment partly smooth, partly spinulose on the 

dorsal surface, spinulose on the ventral surface. ..aemene Wlk. 


alcathoe AYlk. 
flavicansi Stein. 

FFFF. Third intersegment spinulose. 

G. Spinulcs broad, imbricated, scale-likc caerulescens ^ivoh\. 

GG. Spinules fine, recurrent, hooklike. 

H. Conjunctiva of segment VIII spinulose laevis Stein. 

HH. Conjunctiva of segment VIII smooth. 

I. Tergites of segment VTIl undulating. 


J. Cerci short, compact, petiole short, intersegment 

4 smooth, tergites slightly undulating. , .antiqua Meig. 

JJ, Cerci elongate, subcylindrical, petiole slender, inter- 
segment 4 spinulose on the dorsal surface, tergites 
markedly undulating hrassiccB Boiich^. 

TI. Tergites of segment VIII straight, approximating. 

J. Stemites of segment VIII short, ventral surface of 

intersegment 4 smooth nuda Strobl. 

JJ. Stemites of segment VIII elongate, attaining two- 
thirds to three-fourths the length of segment, 
ventral surface of intersegment 4 spinulose, 

cilicrura Rond. 
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EXPLANATION OF PLATES.* 

Plate XX. 

Fig. 1. Chortophila dissecta Meig, 

Fig. 2. Chortophila longula Fall. 

Fig. 3. Chortophila candens Zett. 

Fig. 4. Chortophila cilicrura Rond. 

Plate XXL 

Fig. 5. Chortophila antiqua Meig. 

Fig. 6. Chortophila brassicae Bonche. 

Fig. 7. Choi tophi la rubivora Coq. 

Fig. 8. Chortophila nuda Strobl. 

Plate XXII. 

Fig. 9. Chortophila parva R-D. 

Fig. 10. Chortophila cinerella Fall, 

Fig. 11. Chortophila caerulescens Strobl. 

Fig. 12, Chortophila muscaria Meig. 

Plate XXIII. 

Fig. 13. Chortophila grisolla Rond. 

Fig. 14. Chortophila lacvis Stein. 

Fig. lo. Chortophila fiigax Meig. 

Fig. 16. Hylemyia lipsia Wlk, 

Plate XXIV. 

Fig. 17. Hylemyia variata Fall. 

Fig. 18. Hylemyia coarctata Fall. 

Fig. 19. Hylemyia juvenilis Stein. 

Fig. 20. Hylemyia setiventris Stein. 

Plate XXV. 

Fig. 21. Hylemyia flavipcnnis Fall. 

Fig, 22, Hylemyia aemene Wlk. 

Fig. 23. Pegomyia trilineata Stein. 

Fig. 24. Pegomyia winthemi Meig. 

Plate XXVI. 

Fig. 25. Pegomyia afTinis Stein. 

Fig, 26. Pegomyia nnieolor Stein. 

Fig. 27. Pegomyia calyptrala Zett. 

Fig, 28. Pegomyia trivittata Stein. 

Plate XXVII. 

Fig. 29. Pegomyia hyoscyami Panz. 

Fig. 30. Hylemyia strigosa var. nigrimana Fabr. 


* Each Figure is represented by two drawings, of which the left hand one 
denotes the dorsal aspect, the right hand one the ventral aspect of the ovipositor. 
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SOME NEW SPECIES OF TEXAS TACHINIDAE 
(DIPTERA) 


By H. J. Reinhard, 

Entomologist, Texas Experiment Station, College Station, Texas. 

This paper includes the descriptions of six new species of 
Tachinid®. Most of these were collected in the vicinity of 
College Station. The accompanying drawings were prepared 
by the writer to supplement the descriptions and assist in the 
recognition of the proposed new species. All type specimens 
are for the time being retained in the writer’s collection. Grate- 
ful acknowledgment is here made to Dr. Herbert Osborn for 
helpful suggestions and to W. R. Walton for supplying important 
references. 


Emestia frioensis n. sp. 

Male. — General color gray. Eyes distinctly hairy. Head slightly 
broader than thorax, diameter at the vibrissae nearly as long as at base 
of antennae. Front at narrowest point as wide as either eye. Frontal 
bristles in two rows, descending to the base of third antennal joint; 
the three posterior bristles in each row robust, and directed posteriorly. 
Genae, facial depression and sides of face gray pollinosc. The pollen 
on sides of the front, ocellar triangle, and upper portion of the posterior 
orbits tinged lightly with yellow. Frontal vitta entire, rather broad, 
opaque, black. Ocellar bristles robust, directed obliquely forward. 
Numerous long bristly hairs on ocellar triangle, and on front between 
the eyes and frontal rows, and extending downward below the lowest 
frontals to almost the middle of the face. Antennae nearly as long as 
the face, first two joints yellow, third joint black, the latter nearly 
four times as long as second joint. Arista slender, a lit lie longer than 
third antennal joint, microscopically pubescent, thickened on basal 
half, penultimate joint not longer than broad, Facial depression rather 
deep, distinctly carinate; ridges diverging but little below, bristly on 
lowest one-fourth. Sides of face on lower half bare, at narrowest point 
one-half as wide as the facial depression,* Vibriss® inserted on a level 
with front border of oral margin. Proboscis short and fleshy; labella 
large. Palpi rather long, but little thickened distally, yellow. Cheeks 
covered on lower two- thirds with bristly hairs, one-half as broad as 

* According to Coquillett's key— Rev. of Tach. p. 36, the genus Ermslia 
(Penseria) is characteniicd by having the sides of the face at the narrowest part, 
less than one*third as wide as the median depression. A series of specimens of 
Ernestia radicutn Fabr. from Ohio, New hlexico, and Kansas, all show the width 
of face one- third or more, as wide as the facial depression. 
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eye-height. Thorax gray pollinose marked with five black vittoe, thi 
median one narrow in front of suture. Four postsutural and three 
stemopleural macrochaetje. Scutellum pollinose like thorax, yellow' 
at apex, bearing three pairs of long marginal macrochaetac and a shorter 
cniciatc apical pair. Abdomen conical, gray pollinose on last three 
segments, with dark reflecting spots on dorsum, sides of second segment 
faintly yellow. First segment black, with a pair of weak dorsal and 
lateral marginal bristles. These bristles on the second segment are 
more robust, and it also bears a pair of discals. Third segment with a 
pair of discals and a marginal row, the fourth with a row of both discals 
and marginals. Wings hyaline, veins yellowish. First posterior cell 
open, terminating far before extreme mng tip. Third vein with two 
to four bristles at base. Fourth vein arcuate beyond bend, not appendicu- 
late. Cal yp teres white. Legs black, knees yellowish. Middle tibia 
with a single stout bristle on front side near the middle, hind tibia sub- 
ciliate. Front pulvilli nearly as long as last two tarsal joints. 

Habitat. — Frio County, Texas. Described from two male 
specimens collected by the author May 4, 1920, from the 
blossoms of Acacia berlandieri, Bcnth. 

In general appearance this fly is not so robust and more 
densely pollinose than E, radicum Fabr. It is separable from 
that species by the narrower and much longer third antennal 
segment. The front tarsi of the female is not dilated, and the 
last abdominal segment is black. It differs from Coquillett’s 
penitalis by having yellow palpi, three pairs of long marginal 
scutellar macrochaetae and four postsuturals. 

Pseudochaeta antennalis n. sp. 

Length 7 mm. Eyes sparsely hairy. Gense, facial depression, 
sides of face, front, and posterior orbits silvery white pollinose. Front 
at vertex as wide as either eye, vitta entire, narrow, widening slightly 
at the base of antennae, opaque, velvety- black. Two pairs of orbital 
bristles, ocellars absent, one posteriorly directed bristle on each side of 
front outside of frontal row, situated about midway between the lower 
ocellus and the posterior pair of orbital bristles; post ocellars well 
developed. Frontals in two rows, descending to base of third antennal 
segment; front, including ocellar triangle, with many long erect hairs. 
Antennae five-sixths as long as face, third joint twice the length of 
second, black, except first joint, apex of second and base of third, 
which are yellowish. Arista long, slender, thickened on basal half, 
penultimate joint as broad as long. Facial depression large and rather 
flat; ridges strongly diverging downward, bristly on lowest one-fifth. 
Sides of face narrow and bare. Cheeks slightly over one-fifth the eye- 
height, with a row of robust macrochaetae along oral margin, and 
numerous long hairs. Vibrissas inserted on a level with the front edge 
of the oral margin. Proboscis short and fleshy, labella large. Palpi 
yellow. Thorax with five black vittae on the dorsum, gray pollinose. 
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Four postsutural and four steniopleural macrochaet®. vScutellum con- 
colorous with thorax, bearing four pairs of long marginal macrochactiT 
Ihe posterior pair' reaching base of the third abdominal segment, also 
a, shorter apical and discal pair, directed almost horizontallv backward, 
tlic former is cruciate. Abdomen gray pollinosc on bases of last three 
segrnents, narrow apical borders shining black, first segment black, sul)- 
shining, with no macrochaetae, sides of segments two and three faintly 
yellow, second with a pair of dorsal and lateral marginal macrochaeta?, 
third with a marginal row, fourth with an irregular row of discals and 
a row of margirials. Wings hyaline. Third vein with a single bristle 
at the base. First posterior cell widely open, terminating far before 
wing tip. Bend of fourth vein decidedly angulated, forming a right 
angle for some distance Ixdore it bends posteriorly, destitute of an 
appendage. Calypteres white. Legs black, middle tibia with three 
bristles on front side near the middle, hind tibia evenly ciliate outwardlv. 

Habitat. — College Station, Texas. Described from two 
female specimens collected by the author October 0, 1917, and 
September 18, 1920. 

This fly is very closely allied to Coquillett’s species pyralidis 
but differs from the description of that form as follows: Third 
antennal joint twdee the length of second; facial ridges bristly 
on lowest one-fifth. Scutellum with four pairs of long marginal 
macrochaetae. Cheeks equal one-fifth the eye-height. The 
four sternopleural macrochaetae will serve to separate it from 
P. argentifrons Coq. 

Exorista loxostegeae n. sp. 

Length 4.5 to 6 mm., rather compact, black, thorax and abdomen 
gray pollinose, sub-shining. 

Female. — Head slightly wider than thorax. Front at vertex as wide 
as either eye; sides cinereous pollinose, vitta one-third width (.)f front, 
black, opaque; two pairs of orbital bristles, ocellars present, directed 
obliquely forward; frontal bristles in two rows, descending slightly 
below base of arista. Antennae almost as long as face, second joint 
fuscous, one-fifth the length of third joint, the latter black, covered 
lightly with gray pubescence; arista microscopically pubescent, thick- 
ened on basal half, penultimate joint as broad as long. Facial depres- 
sion, sides of face, and cheeks cinereous pollinose on a fuscous ground. 
Facial ridges bristly on little less than lower half; vibrissa; situated on 
level with front border of oral margin. Palpi black, sometimes yellowish 
at tips, proboscis short, fleshy, labella large, yellow. Eyes i'stinctly 
hairy. Dorsum of thorax with five black vittae, the inner pair ending- 
midway between the suture and base of scutellum, the median vitta 
linear in front of suture, almost as wide as outer pair post-suturally. 
Four postsuturals. Sternopleural macrochaetae variable, u.suaUy four, 
sometimes with five or six on either side. Scutellum black, sometimes 
faintly yellow on apex, three pairs of marginal macrochaetas, an apical 
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pair directed almost vertically, and a pair of discals directed posteriorly. 
Abdomen short, ovate, first segment black, sub-shining, second segment 
sometimes with brown spot on sides. All segments except the first 
with discal macrochaetae, pollinose at base, and dark reflecting spots on 
the dorsum. Wings hyaline, faintly yellow at base, all veins yellowish. 
Third vein with one to three bristles at the base. First posterior cell 
open, ending well before wing tip. Legs black, middle tibia bearing 
a .single stout macrochaeta on the front side near the middle. Hind 
tibia ciliate. 

Male. — Similar to female, differing as follows; Front slightly 
narrower, no orbital bristles, facial ridges usually bristly on at least 
the lower half, third joint of antennae seven times length of second. 
Front pulvilli as long as last tarsal joint. 

Habitat. — College Station, Texas. Described from 10 female 
and 14 male specimens, reared from Loxostege similalis Gn., by 
the author, June, 1920. 

This species is readily referable to the genus Exorista. 
According to Coquillett’s table— Revis. Tachinid, p. 92 — it 
runs out under caption 2, where no provision is made for 
forms with four or more macochaetac. In general appearance 
it somewhat vesemhles futilis 0. S., but differs essentially from 
this and its other congeners by the presence of discal 
macrochaetae and four sternopleurals, 

Houghia baccharis n. sp. 

Female.— Black, gray pollinose. Front at vertex one and one- 
fourth times as wide as either eye, white pollinose, frontal bristles in 
two rows, descending to the base of the third antennal joint, two pairs 
of orbital bristles, vertical and ocellar bristles robust, the latter directed 
obliquely forward. Frontal vitta rather narrow, opaque, dark-brown, 
extending from base of antennae to ocelli where it is divided and extends 
on either side to the vertex. Facial depression shallow and large, 
not carinate, white pollinose. Antennae as long as face, first two joints 
and base of third yellow, third joint nearly four times as long as second; 
arista black, microscopically pubescent, thickened on basal half, penulti- 
mate joint twice as long as wide. Sides of the face bare, narrow, con- 
colorous with facial depression; facial ridges diverging below, with a 
few bristles above the vibriss£e. The latter on a level vrith oral margin, 
the front border of which is projecting; proboscis ridged, shining, black, 
labella fleshy, yellow; palpi normal, yellow, with only a few short 
bristles. Cheeks white pollinose, with short bristles and stout mac- 
•rochaetae, along oral margin; width about one-fifth the eye-height. 
Eyes bare. Thorax gray pollinose, marked with fotu* narrow black 
vittse on dorsal surface, the outer pair widening in front of suture. 
Four postsutural and four stemopleural macrochaetae. Scutellum 
black, yellow at the apex, gray pollinose except along the base; three 
pairs of robust marginal macrochaetae and a smaller apical pair; dorsal 
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surface covered with short erect spines; abdomen somewhat conical, 
convex on dorsal surface, first segment blaclc, sides yellowish, second 
and third white pollinose on basal half, shining apically, sides tinged with 
bronze; second segment mth a pair of dorsal and lateral mar^nal 
bristles, third with a row of marginals; fourth segment white pollinose 
on base, on apical half shining reddish-yellow, a row of discal mae- 
rochaetse and thickly covered with short spines on the apex. Wings' 
hyaline, slightly yellowish at base, first vein with stout bristles near the 
base, bare on the apical three-fourths, second vein bristly nearly to 
small crossvein. First posterior cell widely open, terminating before 
the’ extreme wing tip. Calypteres white. Ugs black, bristly, hind 
tibia not ciliate, middle tibia with three or four bristles on the front 
side near the middle. Length 7 mm. 

Habitat —College Station, Texas. Described from a single 
female specimen collected by the author July 7, 1910, on the 
blossoms of Baccharis halimijolia L. 

This species agrees well with Coquillctt s description of 
H, setipennis. It differs from that species, which is the geno- 
type, as follows; Proboscis more elongate and slender; last 
abdominal segment rufous; four sternopleural macrochaetm; 
and the middle tibia with three or four inacrochaetse on the 
front side near the middle. 


Blepharipeza pollinosa n. sp. 

Length C mm. Black, gray pollinose. Head wider than thorax. 

Female.— Eyes with minute sparse ham. bides of front, tipper 
portion of posterior orbits, and ocellar triangle golden pollinose^ Front 
at vertex one and one-fourth times as wde as cither e>y. py “ 
one-third width of front, opaque, reddish-brmm Two pmrs of orbital 
bristles, ocellars directed obliquely tonvarT « sc mSl 

rows extending from the vertex to base of ‘p"' " 
several stout bristles and more numerous shyter ertet airs btto 
. frontal row and eye. Antenme five-sixths ^t 

joint four times as long as second, black, second yenen .. Xto.ed 
fuscous Arista moderately long, microscopicalh pubescent “’'ckenea 
on basal three-fourths, penultimate joint not 
deure^sion cheeks, and sides of face fuscous, v bite poilmosc , 
with a few short bristles in the middle, at 

one-third the width of facial depression, n ges , i a level 

^th the^orS mSg^r^^Proboscl^^ lobelia Wge, yellowdsh| 

witn tne orai , moderately bristlv, one-fifih as wide as 
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all except first segment entirely gray pollinose, with dark reflecting 
spots on dorsum; thickly covered with suberect spines. First and 
second segments with a pair of dorsal and lateral marginal macrochaetaD, 
third with a marginal row, fourth segment covered wth irregular rows 
of macrochaetaj. Wings hyaline. Costal spine minute. Third vein 
with two bristles at base. First posterior cell narrowly open, ending 
shortly before wing tip. Fourth vein beyond bend nearly straight, 
without a stump or fold. Hind crossvein nearly straight, the, posterior 
end at less than oTie-third the distance from bend to small crossvein. 
Calypteres white, bordered with faint yellow. -Legs black, hind tibia 
evenly ciliate outwardly, middle tibia with a single stout macrochaeta 
on the front side near the middle. 

Male.— Differs from female as follows: Front narrower, at vertex 
as wide as either eye, no orbital bristles, front pulvilli as long as the 
tarsal joint, hind crossvein S shaped and posterior end at one-third the 
distance from bend to small crossvein. 

Habitat. — College Station, Texas. Described from one 
female specimen (the type), collected May 25, 1920, and one 
male specimen collected June 12, 1919, by the author. 

This species runs to Blepharipeza, according to Coquillett's 
key — Revis. Tachinid, p. 35. Superficially it is strikingly 
unlike any species of this genus which the WTiter has seen. 
It is smaller, more densely pollinose, and the bristles of the 
scutellum and abdomen are weaker and less numerous. In the 
absence of sufficient comparative material it seems desirable to 
provisionally place the species in Blepharipeza, until reliable 
characters are obtained which will justify the erection of a new 
genus for the reception of this species. 

Chaetoplagia modesta n. sp. 

Female.— Black, silvery pollinose, head obtusely conical. Front 
at vertex one and onc-half times as wide as either eye, white pollinose, 
two rows of frontal bristles extending almost to base of third antennal 
segment, directed inward and converging towards base of antennae; an 
irregular row of weaker bristles and numerous hairs between the frontal 
row and eye. Two pairs orbital bristles present; ocellar bristles 
diverging strongly and directed forward. Facial depression narrow and 
deep, ridges nearly parallel, with three or four bristles at base abov^e 
vibrissae. Antennae nearly as long as face, black except second joint, 
which is brownish' yellow, length of third joint about seven times the 
second; arista short, bare, black, thickened on basal two-thirds, penulti- 
mate joint slightly longer than wide. Sides of face silvery white 
pollinose, with a row of ventrally directed macrochaetae on each side. 
The facial bristles begin as short hairs on a level with insertion of the 
arista, and become more robust and longer towards the lower comer 
of the eye; numerous short hairs between the facial row and the eye. 
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Vibrissae cruciate, situated on level with oral margin; proboscis moder- 
ately long, palpi black. Cheeks white pollinosc, covered with black 
hairs, width about one-seventh the eye-height. Eyes bare. Thorax 
black, white pollinose, marked with four black ^’itta?. Three post- 
sutural and two stemopleural macrochaetfc. Scutellum black, white 
pollinose on apical half, with three pairs of long marginal macrochaetic. 
Abdomen ovate, first segment shining black, segments two, three, and 
four white pollinose on basal three-fourths, distal portions of each shining 
black. First segment destitute of dorsal or lateral marginal macrocbactcc. 
fourth with a marginal row of five no discal macrochaet^c. Wings 
hyaline, veins yellow, costal spine minute, first vein bristly except 
at the base and apex, second vein bristly nearly to the small crossvein, 
First posterior cell open, terminating far before the extreme wing tip. 
Bend of fourth vein distinctly angulated, bearing a long ajipcndagc. 
Posterior end of hind crossvein nearer bend of the fourth than to small 
crossvein. Calypteres white, legs black, moderately bristly, liind tibia 
outwardly ciliatc, middle tibia with one bristle on the front side near 
the middle. Length 7 mm. 

Habitat.— College Station, Texas. Described from a single 
female specimen collected by the author July 19, 1918. 

This little fly differs markedly from Coquillett’s genotype 
atTipeuuis^ which heretofore has been the onU representative 
of this genus reported from our fauna. Coquillett’s form is 
black, almost destitute of pollen, and sub-shining, with clouded 
or smoky wings. This species is smaller and covered \\ith 
silvery white pollen. The wings are hyaline. It differs from 
Tothill’s asiatka, described from India, Bull. Ent. Resch. 
Vol. IX, part 1, May, 1918— by the short second aristal segment; 
two stemopleural macrochaetae; black palpi; and the brist es 
on the third longitudinal vein extending hardly to the small 
crossvein. 


EXPf.ANATION OK PLATE XXVIII, 

Fig. 1. Lateral view of bead of Ernestiafrioensis. 

Fig. 2. Right wing of 

Fig. 3. Lateral view of head of Pseudochaeta antennahs. 
Fig. 4. Pseudochuetn antennahs. 

Fig. 5. Lateral view of bead of Houtkia bacchans. 

Fig 6 Right wing of Houghia baccharis. 

Fig! 7 . Lateral view of head of Bkpharipeza polhnosa. 
Fig 8 Right wing of Blepharipeza pollinosa. 

Fig! 9! Lateral view of head of Chaeioplagia modesta. 
Fig. 10. Right wing of Chaeioplagia modesta. 




OBSERVATIONS ON THE STRUCTURE OF THE ORACER- 
ATUBAE AND SOME NEW LEPIDOSAPHINE 
SCALES (HEMIPTERA)* 


By Gladys Hoke, 
Como, Mississippi. 


An oraceratuba is the opening of a ceratuba to the exterior. 
So far as I have been able to ascertain an oraceratuba is regarded 
as an opening having a diameter approximating the diameter of 
the ceratuba. The attached end of the ceratuba is usually 
heavily chitinized in the altaceratub^, though in the breva- 
ceratubae an excess of chitinization is seldom present. Attached 
to the edge of the ceratuba and stretched across the end is a 
thin membrane with a slit in the center, which may be opened 
or closed to allow the wax to be extruded or retained in the 
ceratuba. This opening in the membrane which closes the 
ceratuba is the oraceratuba. The edge of the membrane 
around the oraceratuba is slightly chitinized. Figure 1 is an 
altaceratuba of Lepidosophes pinnaejormis with the oraceratuba 
open. Figure 8 is a large brevaceratuba of Scohinaspis deniaia 
with the oraceratuba closed. 

The ceratubae of the tribes Parlatoriini, Diaspidini and 
Aspidiotini are closed in the same fashion as those of the 
Lepidosaphini. It is very probable that the. ceratubas of the 
Fioriniini and the Leucaspidini are closed by a similar mem- 
brane. 

The presence of a membrane which closes the attached end 
of the ceratubjE — hitherto regarded as open — and the presence 
in the membrane of an aperture which may be opened and 
closed seems to confirm MacGillivray’s suggestion in The 
Coccidse that the ceratuba function as reservoirs for the storage 
of the wax secreted by the w^ax-cell which is attached to the 
end of the bulla, and which is formed into threads as it passes 
through the aperture. 

* Contributions from the Entomological Laboratories of the University of 
Illinois, No, 66. 
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As all Lepidosaphine scales are usually thought of and 
described as having plates simple or rarely furcate it is inter- 
esting to find two species, Lepidosapkes camellice and Mytiella 
sexspina, with plates which are distinctly pectinate. The 
plates of the median incisura are pectinate on both the 
lateral and the mesal edge about midway between the proximal 
and the distal end. More or less variation is found in the 
number of the projections on each side and some variation in 
the length of the projections. Usually the greatest number of 
projections in sexspina are on the lateral edge while on the 
mesal edge frequently only one pectination is evident (Fig. '12c). 
The lamaccratubac are long and slender. Those opening in the 
plates of the median and second incisurae are approximately 
the same length, while those of the plates of the third incisurae 
are slightly longer. The entire plate with its lamaceratuba 
is illustrated in Figure 12c. Only the proximal portions of the 
lamaceratuba are shown in Figure 12a and 12b. The pectinate 
projections of the mesal plates of each second (Fig. 12b) and 
third incisura (Fig. 12a) are always on the lateral margin of the 
plate. There arc usually three or more distinct dentate pro- 
jections on the mesal plate of each of the third incisura. The 
plates of camellias are of the same general type as in sexspina, 
but the mesal edge of the plates of the median incisura usually 
has the greatest number of projections, while on the lateral edge 
frequently only one pectination is evident. (Fig. 4), 

The first preabdominal segment of dentata bears a number 
of small plates or bracteas on each lateral aspect (Fig. 6). 
These bractes vary in shape and a paraceratuba opens at its 
distal end. These bracteas with their paraceratubas are greatly 
enlarged in Figure 9, which also shows a ceratuba which is 
usually found associated with the plates, but which opens 
flush with the surface of the cuticle instead of through a bractea. 

The lateral aspects of the preabdominal segment of sexspina 
bear a number of ceratubas varying in size. These are shown in 
Figure 11. Ceratubae of still smaller size are located on the 
ventral aspect of the cephalic portion of the head of Scohinaspis 
dentata (Fig. 7). The antennae, setae and the tooth-like pro- 
jections on the ventral aspect of the head are also shown in 
Figure 7. 

The scales described at this time were collected in Mississippi, 
from the central part of the «tate to the gulf coast. Each 
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species is found in both sections and it is very probable that' 
they are generally distributed throughout the state. MytieIJa 
sexspina also occurs in Florida. 

Lepidosaphes camelliae n. sp, (Figs. 2, 3 and 4). 

Scale of Female. — Color pale brown, broadest at po.storior e^id, 
at broadest portion usually three-eighths as broad as long, straigdU 
or curved, usually straight when not crowded; ventral scale white, 
median portion usually adhering to host-plant, 

vSeale of Male— Similar to that of female, though smaller and 
darker, sides more nearly parallel; exuvia and posterior hinged portion 
each occupying one-fourth of total length of scale. 

Adult Female.— Body usually twice as long as broad, broadest 
through preabdominal segments; brevaceratuhe numerous along 
lateral portion of prcabdominal segments and along lateral margnr of 
metathorax and caudal portion of lateral margin of mesothorax. extend- 
ing mesad from margin as far as metaspinacles; mesothoracic s]3iraeerores 
0-5 metaspiracerores wanting; lateral margin of last three prcabdominal 
segments with bractese, fifth segment with two or occasionally with 
three, fourth and third with 2 to 5, those of the third usually not well 

^^^Pymdium,— Lobes in two pairs, second pair dceply incised ; median 
pair eSire, rounded at distal end with slight mdicatum ot ^ ch ^ 
each edge near proximal end, as broad as long; second pair of hibts 
with mesal lobelet distinctly longer and broader than lateral, each 
lobdet entire, rounded at distal end, lateral margins longer ^ > 
Sates amnged 2-2-2-2-2, those of third incisure longest and largest, 
thole kmciLa as long or longer than lobes, those d inn^ra 

latapectinate, with teeth more numerous on mesal margin media 
ulate of second and third incisuriE umpectiiiatc on lateral mate’", 
median olate of second incisura occasionally appears to be latipeetmate, 

single row, P«genacerores us . Iv S ^ compact group 

genacerores usually ' ,p' fhaii in rows; altaceratubae 

more or kss to three-fourths as large 

. arranged a sma ^ythelets of second pair of lolies; breva- 

as altaceratubm, f gll* iL,, [f third row usually consisting 
ceratuba; arranged in three rows, °„ ,, „„ajentW arranged in 
of four equidistant oc tEwLephalic one 

two groups of two each, rarely only ‘M®" ,nedian 

usually cephalad of (i^bows arranged in two 

median lobe, 
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Host. — Camellia japonica; Mississippi; Big Point, June 29, 
j.917, (R. L. Eberhard); June 25, 1918, (J. C. Roberts); Laurel 
Hill, October 19, 1918, (J. S. McGhee); Magnolia, September 1, 
1920, (Mrs. W. M. Lampton) ; Moss Point, December 27, 1918, 
(Mrs. G. B. Bowen); South Pascagoula, January 1921, (R. P. 
Barnhart, E. K. Bynum) ; Woodville, 1920, (J. C. Hamilton). 

These insects apparently seek the protection of the under 
surface of the leaves, though frequently they are very numerous 
on the upper surface. 

Lepidosaphes camellice differs from euryce in having the 
plates of the third incisurce well developed, never smaller than 
the other plates and usually much longer and larger. 

Scobinaspis dentata n. sp. (Figs. 5, 6, 7, 8, 9). 

Scale of Female. — Color dull white, with yellowish-green tinge, 
long, four to eight times as long as broad; second exuvia often occup 3 dng 
one-half of entire length of scale. 

Scale of Male.— Similar to that of female, but shorter and broader 
in proportion. 

Adult Female.— Body long, usually four times as long as broad, in 
living specimens portion of body caudad of rostrum almost cylindrical, 
ventral surface slightly flattened, ijortion of body cephalad of rostrum 
thinner, due to a deep concavity on ventral surface ; single row of small 
tooth-like projections on the ventral surface between antennae and 
cephalic margin of head, and a heavily chitinized thorn-like projection 
on each lateral margin between antenna and tentorium, rarely more 
than one; antennae with two large setae and a small one, large sete 
sometimes branched; rostrum and rostralis dark; margin of pygidium 
dark; mesospiracerores 1-2; preabdominal segments and lateral portion 
of metathorax with numerous brevaceratub®, lateral margins of pre- 
abdominal segments with bractese, segments five and four usually with 
two each, segment three with 3-4, and segment two with several small 
incompletely developed bracteae. 

Pygidium. — Lobes in two pairs, with second pair deeply incised; 
median lobes large, as broad as long, distal half subtriangular distal 
end bluntly rounded, margins slightly crenulate; second pair of lobes 
consisting of two distinct slender lobelets, mesal longer and wider, 
both lobelets together narrower than a median lobe, each lobelet with 
slight notch on lateral margin; plates arranged 2-1- 1-1-1, apparently 
never pectinate; genacerores 2-4 (6-8) 4-5; altaceratubae arranged 1-2- 
2-1, very short and broad, almost as broad as long, opening in latadentes, 
those of second incisurae largest; brevaceratubse numerous, three large 
ones just cephalad of median and second incisurae approximating size 
of altaceratubae, laterals two or three times their own length from 
margin, median nearer margin, small brevaceratubas apparently not 
arranged in distinct rows; anus usually not over eight times its own 
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width from distal end of lobes; \’ulva between postgenacerores; incisurae' 
slight, second almost as wide as median. 

Host.^Maple (Acer), leaves; Vicksburg, Mississippi, April 
1920, (Luther Brown); black haw {Bumelia lairuginosa), leaves, 
Cat Island, off gulf coast, Mississippi, September 8, 1920, 
(R. P. Barnhart). 

The scales are usually found along the sides of the veins or 
in the depressions at the forks of the veins, especially near the 
petiole of the leaf. 

The striking differences between this scale and Scobinaspts 
serrifrons is the greater proportional length of the scale, which 
is white in contrast to the shorter reddish-brown scale of 
serrifrons^ and the same difference in the length of the body 
which has only a few dentate projections on the ventral surface 
of the head and with no projections on the cephalic margin. 


Mytiella sexspina n. sp. (Figs. 10, 11, 12, 13). 

Scale of Female.— Color brown, long, length usually more than four 
times breadth, straight or curved, according to crowded conditions o 
specimens, ventral scale white, very prominent along sides of scale but 
retracted a short distance wdthin margin, adhering to dorsal scale when 
insect is removed from plant, if many eggs have been deposited, usually 

divided, otherwise generally intact on nieson t . i i + Uaif 
Scale of Male.— Similar to that of female, but only about one-half 

Adult Female.-Body usually three and one-half times as long as 
broad with a distinct constriction between mesothorax and meta- 
thorax and between metathorax and abdomen; five distinct preabdom- 
inal segments- mesothorax, metathorax and first abdominal segmen 
more heavily chitinized than remaining segments; cona of thorax and 
rrbLmen distort and not heavily chitinized; brevaceratubie numer- 
oi soSral margins extend mesad on ventral aspect along unacona 
ous, o ^ & - o j. ■mpta'^Tiiracerorcs wanting; cephalic end 

mmmm 

mL -I obes in two pairs, second pair deeply incised, median 

lateral margin ^ " lateral lobelef and 

lobes with mesal lobele lateral lobelet entire, rounded at 

longer with slight notch on cach^ , 1 ^ incisur® with 

distal end; plates arranged 2-^2 2 2 near middle of 
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jcctioTis on lateral margin only, median plate of third incisurse with 
similar dentate projections, lateral plate without projections, plates of 
lateris without projections; genacerores 2-6 (4-9) 4-6; altaceratubae 
arranged 1 -2-2-1, at least three times as long as broad, brevaceratubae 
not more than twice as long as broad, in three rows, those of third row 
consisting of one group of 3-5, fourth row divided into two groups, 
with three or four in lateral group and usually about six in mesal, 
fifth consisting of two widely separated groups of about three each; 
anus small, about eighteen times its own width from distal end of lobes, 
near a line drawn through lateral angles of fourth preabdominal seg- 
ment; vulva always nearer anus than distal end of lobes, usually on a 
line drawn through caudal end of third row of brevaceratubse ; incisurse 
slight, almost filled by plates, an incisura-like indentation cephalad of 
second pair of lobes; setae arranged as shown in Figure. 

Host.— Citrus, leaves and twigs; Logtown, Mississippi, 
August 22, 191G, (E. C. Lindsey); Satsuma oranges, Fort 
Pierce, Florida, January 7, 1920 ; (the writer) ; Euonymus 
japonica, leaves and twigs; Laurel, Mississippi, August, 1920, 
(H. L. Dozier, L. E. Miles, R. C. Price, J, V. Vernon); Yazoo 
City, Mississippi, February, 1921, (R. N. Lobdell, G. D. 
Dorroh). 

Mytiella sexspina differs from carinata in having a thorn- 
like projection on the cephalic end of each lateral margin of the 
last three preabdominal segments and in having two well 
developed plates in each second incisura. 


EXPLANATION OF PLATE XXIX. 

Lepidosaphes plrmaeformis Bouche. 

1. Altaceratuba with oraceratuba open. 

Lepidosaphes camellise n. sp. 

2. Body of adult female. 

3. Pygidium of adult female. 

4. Sinistral plate of median incisura. 

Scobinaspis dentata n. sp. 

5. Body of adult female. 

6. Pygidium of adult female. 

7. Ventral aspect of cephalic portion of head, with dentate projections. 

8. Large brevaceratuba with oraceratuba closed. 

9. Ceratuba and paraeeratuba from lateral portion of first preabdominal 

segment. 

Mytiella sexspina n. sp. 

10. Body of adult female. 

11. CeratubZ; from lateral edge of second preabdominal segment. 

12a. Mesal plate of third incisura. 

12b. Mesal plate of second incisura. 

12c. Sinistral plate of median incisura. 

13, Pygidium of adult female. 
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THE SMALL PRIMARIES OF LEPIDOPTEROtiS LARVAE, 

Wm. T. M, Forbes. 

Attention has been called in the June number of the Annals 
to certain minute setae which occur in all the known Lepidop- 
terous larvae, but which are inconspicuous save in a few cases, 
and have not been used in purely systematic work. The 
following references to papers where they are mentioned and 
figured may be of use. They appear to be strangely fated, 
having received no less than four different nomenclatures, besides 
a fifth w^hich was never published, and so may be ignored. 

I believe they were discovered by Charles B. Simpson, 
working in the Entomological Laboratory of Cornell University, 
and are described and figured in his manuscript thesis deposited 
here in' 1899. His work called my attention to them', and I 
designated them by numbers similar to those assigned by 
Dyar to the larger setae, in my dissertation published in the 
Annals in 1910. They are mentioned there only incidentally 
as they proved of no apparent taxonomic value. Fracker 
mentions and figures them in his thesis (Illinois Biological 
Monographs, Vol, 2, No. 1, p. 33, etc.) giving them new 
designations. Tsou (Trans. Am. Micr. Soc. 33, 223, 1914) 
discusses the thorax . subdorsal group in detail; and I again 
mention and figure the seta^ in Hepialus (Journ. N. Y. ,Ent. 
Soc. 24, 137-142, 191()). Finally actual priority of publication 
appears to belong to Quail and Bacot in Notes on Cossidee, with 
its appended footnote, published in the Entomologist, Vol. 37, 
p. 93, in 1904; where they are mentioned and figured, though 
not given a name. There are certainly other references, but 
only these are now at hand. 

The names wEich these setae have received may be tabulated 
as follows : 



Thorax 

Abdomen 

j 

Thorax and 
Abdomen 

Forbes 1 


xb 

xc ! xd { 1 ) 

(2) 

X 

iiia 

ix 

Fracker ! 

gam ’a 

do 

do i do tau 


gam’a' 

eusi’n 

I omega 

Tsou 

Ala 

1 Alb 

i A2a i A2b I PI 

— 

A1 

A2 

P4 

Carman 

A ! 

1 B 

1 n i E ! F 

__C__ 

B 

ina 

1 G 


NOTES. 

(1) I seem to have overlooked this seta. 

(2) This seta is not generally present, though apparently a regular feature of 
the Cossidae; J omitted it from discussion, regarding it as a subprimary. 

Postscript — Professor Comstock has called my attention to two recent papers 
by A. xSchierbeek (Proc. Koninkl. Akad. v. Wetensch te Amsterdam 19, 1, 1916; 
and Onderzoekinzen verricht in het zool. Lab. der Rijksuniv. Groningen, VI, 191p. 
His account is confused, but ix and FrackcEs iau (propedalis) , and iiia (prostig- 
malis) are identifiable. 
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